Geology of Montgomery County by Lonsdale, Elston Holmes
GEOLOGY OF MONTGOMERY COUNTY, 
BY 
ELSTON HOLMES LONSDALE. 

GEOLOGY OF MONTGOMERY COUNTY. 
BY ELSTON HOLMES LONSDALE. 
CONTENTS. 
PAGE. 
Introduction _________________ ._______ __ 38;") 
Situation and Area __ • ___ ._.". _________________________________ ._ .... _____ • aso 
Physiography _________ . _____ ."." ______________________ ._._ ._._ .". ___________ ;:IBn 
Topography ._._ ." _________ ._ " _____ • ___ • ______________ ". _______________ 3SH 
Hydrography _______________ _ ___ ."."._." ___________ as! 
HYIIsomeh'Y ______ ."._. ______________________________________ • _______ 3S\) 
Stratigraphy ___________ • ______ ._ • _______________ " ___ " ___ ._._ ." ______________ a~m 
General Geological Structl1l's .. _._. ______ • ___ . ______ . ___________ • _______ :!S[) 
Classification of Formations _______________________________ .... ______ :mo 
General Vertical SectiOll__ _ __________________________ :mo 
General Cross-scct!on __________________ ++ ___ + ______ + _______ ~_.+ ____ 3m 
Carboniferous ________________ • ___ ._.__ _ _ __ ~ ___ ~ ___ + __________________ :191 
Uppel> Coal ~IeasUl'es (~[iS50UI'i) 
General Characters _ 
____ _____ :m 
DescriptioJloI Typical Sections ______ . ____ .. ___________ ~ _____ 3H2 
Stennettquurry__________ _ ____ :-m2 
Fate Quarry_____________________ _ __ :m2 
Fox Quarry______ _ _____ an:! 
Smith and Fisher Quarries____ _ ____________________ ;{\)4 
Milford Milhlam Section__ _ _ ._. ___ :m4 
'Valnut Creek Scction ________________________ . _____ " ______ 3M 
Climax Quarry _________ ._. ________ 3!~j 
Descriptions of Deep Drill Holes ________________________________ ;i!.l;i 
ficd Oak Deep Drilling __________________________ • _________ 3116 
llosacrantz Prospect Hole_______ _ ____ " ___________ 3\11 
:'\[cCrackl;lll Prospect Hole ________ . ____________ 3!~'J 
Villisca Deep Drilling_____________________ _ ___ ::m8 
Stratigraphie Features _____ • ___________________________________ 3m) 
Bituminous Deposits ____________________________________________ 402 
Lithological Character _____________________________________ 403 
Calcareous Beds .. ___________ . ______________________________ . __ 408 
Argillaceous Beds ____________________________________________ 410 
-484 GEOLOGY OF MONTGOMERY COlTNTY. 
PAGE. 
Arenaceous Beds .•.• _______________ . ___________________________ 411 
Cretaceous __________________________________ ". __ .". __ . _______ .. ________ 412 
Nishnabotna. Sandsoone---Dakota? ___________________ . __________ • ____ 412 
Extent.___________ _ __ .. _. __ . ________________ . _________ ._.412 
Age. __________________________________________________ . _________ 413 
Description of Typical ExposureL. _____________________________ 414 
Sherman Township __________________________________________ 414 
R-ed Oak Township. ______________________________________ " ___ 416 
Grant Townsblp _____ . ______________________________________ 418 
Washingt{ln Township ____________ -________________________ ._ 421 
Lithological ~'eatures______ _ _______ 422 
Arenaceous Deposits ________________________________________ 422 
Conglomerate Materials _____________________________________ 422 
Shale neds_~ ________________________________________________ 422 
Flora. _______________________ ~____ _ __ 423 
Fauna ______________________ • _________________ • ___ .- __________ 424 
Total Thickness __________________________________________ . _____ 424 
Pleistocene ___________________ _ _________________ 424 
Lower TilL _______ ~ _____ ~ ___________________________________________ 424 
Loess_____________________ _ 427 
Alluvium _________________ ~ _____ ~ _ ~ ____ 427 
EconomicPl"OIlucts ______________________ . ________________________________ 428 
BuUding Stones. ____ _ ________________________________ 428 
Limestones _____ • __ ~ __________________ ~ _________________________ .,128 
Sandstones_~______ _ ______________________________________ 435 
Conglomerates __________________ _________________ 436 
Glacial Boulders. _____ • _________________________________________ >_ 436 
Clays and their Adaptabilities __________________________________________ 437 
Loess _________________________ . _____________________________________ 437 
Cretaceous Shales __ ~ ~ ______________________________________________ 438 
Alluvium ___________________________________________ _ _____ 439 
Coal _Measuro Shales ________________________________________________ 439 
BouldcrClay________________ __ _ ______________________ 440 
Paint and Ballast Olays ________________________________________________ 4-10 
Clay Industry _______________________________________________________ ._~ 441 -
Rcd Oak_________________________________ _ _____________________ 441 
Villisca___ __________________________________________ _ _____ 444 
Stanton_ _____ ______ _______ _ __________________________ 445 
Sands _____________ . _ .. ___ _ _____________ • _________________ 446 
Coal. _______________________________________________________________ ~ ___ 446 
Westropo Slopo _________ .. _________ ~. __ • ____________ .. _. __ • _________ 4-16 
Anderson PrOSIJect Shaft _________________________________ • ____ ~ ____ 446 
Limo. _________________________________________________________ ~ _________ 448 
Road Materials ______________________________________ ~ _______ .. ____ + ____ -H8 
Soil ______________________________________________ -US 
lIUnel'al".________ _ ____ . __________________________________ 449 
'\Vuter Supply and Water POWOI'S ________________________________ , ______ 449 
INTRODUCTION. 
Early in 1867, a reconnoissance of the region lying between 
Des .Moines, Iowa, and Nebraska City, Nebraska, was undertaken 
by Dr. C. A. White, State Geologist of Iowa, and Professor F. 
B. Meek of the United States Geological Survey. This prelim-
inary survey was made at the instance of Dr. }l1. V. Hayden for 
two purposes: First, to connect the geological formations of 
Iowa with those in Nebraska, and, second, to trace out the coal 
beds in their western extension*. 
Coal measure strata were found to cover the whole area 
between the Des Moines and the Missouri, and tho conclusion 
was reached that the workable beds of coal are confined to the 
lower coal measures. rrhe approximate depth at which they 
might be discovered by boring at Nebraska City was specifiedt. 
The results of this geological reconnoissance in southwestern 
Iowa, so far as they pertain to Montgomery county, were pub-
lished by Dr. White in 1868t, but later they were elaborated 
and republished in 18iO§. 
*Final Revt. of the U. S. Geol. Sut\'". ot XebrtlSkn, cte., p.4. \\"l1~lllllgton, 187"2. 
tFlrst '\'Ul. Revt. ot tllO H. S. Geol. SUf\·.ot lito T\'rrltorles, etc., p. 1. Repuhllshed. 
Wll-~blngton, lSi3. 
:Flnit aUlI Second Alln. nepis. of Progress hy lite State Geologist, vp. 63~. Dos :'Iolnos, 
""'" W/!ol. of Iowa, vol. I, pp. 36:3-367. l~O. 
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At the time of this preliminal'Y work the country was unset-
tled and facilities for such work were meagre, yet notwith-
standing the unfavorable conditions under which the work was 
prosecuted the lithological characters and the geological age of 
the strata were, so {aras general factsareconcerned,accurately 
determined, and the correctness of the results has never been 
questioned. 
Later, Aughey spent considerable time in this field and 
arrived at somewhat similar conclusions"'. His results are 
noted on subsequent pages. 
Since the time of the observations mentioned, certain 
changes in the conditions of the surface have taken place 
which make possible more detailed investigations. The grad-
ing for railroads, the changing of water courses, the boring of 
deep holes, together with the partial development of some of 
the upper beds, afford information which was before unobtain-
able. 
SITUATION AND AREA. 
Montgomery county lies in the southwestern quarter of the 
state. It corners on the southwest with Freruont, itself the 
extreme southwestern couuty. Between Montgomery county 
and the Iowa-Missouri line on the south and the Missouri river 
on the west, lie respectively, Page and Mills counties. FJ.1he 
county is "ectangular in shape and has a length of eighteen, 
and a width of twenty-four miles. 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
The upland of Montgomery county is a gently undulating 
plateau intersected by the rather shallow valleys of the larger 
water courses and their tributaries. The surface configuration 
is not marked by striking features. The entire district is, with 
a few exceptions, under a state of cultivation and only a few 
small upland areas which might be designated as unarable 
occur. The native forestry is confined almost exclusively to 
·Phys. Gcog. and Geol.of Neb., p.1M. 1880. 
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the rough bottom along the streams. On the ridges a few 
patches of native prairie yet remain. . 
·A profile run in an east and W~8t direction shm\;s a serit;ls. of 
ridges and valleys lying nearly parallel and having an approxi-
mately north and south trend. .,. 
Next to the large streams there exists what is known as the 
first hottom, an area which is subject to overflow. Commonly 
it is waste land, but its areal extent is insignificent. Beyond 
this lowland rises the second bottom. Its general elevation 
above water level of the adjacent stream ranges from ten to 
thirty feet. It is classed with the first bottom as a terrace or 
flood plain. The declivity of the outer terrace is gradual, but 
sufficient for ample drainage. The total width of the lowland 
varies, ranging from a few hundred yards to perhaps two miles. 
It is distributed unequally and irregularly on the sides of the 
streams. 
Commonly the slopes of the upland proper mergeimpercepti-
bly into the onter margins of the upper flood plain, and the 
nndulations along these slopes are of more or less regularity. 
Higher np, the sides of the ridges grade into the nearly level 
prairies or platean stretches, themselves well drained. In the 
northwestern townships these features are less prominent as a 
result of the absence of distinct drainage lines and the presence 
of a somewhat different superficial formation. 
IIYDROGRAPHY. 
From what has already been said it is seen that the natural 
drainage system of the county is nowhere incomplete. The 
accompanying sketch map, figure 46, shows the courses of the 
principal waterways and their tributaries. Three streams 
trayerse the entire length of the county and a fourth flows 
from near the northel'll border through the district. These'are 
the EaSt Nishnabotna, the West Nodaway, Walnut c'reek, and 
Middle Tarkio river. These large streams each receive numerous 
affluents. All the streams are tortuous. The waters flow first 
against the sloping bluff~ on one side, then against those of tile 
opposite, and the lengths of the courses are thus nearly doubled. 
28GRep 
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III gelle",l the valleys along the larger courses vary but lit-
tle in areal extent and decrease ill width but gradually toward 
the head waters. The larger streams aTe confined to channels 
not more thall 200 or 250 feet in width, and are enclosed by 
banks rising ten or twenty feet above low water. They lie not 
Flgure~. Sketch map of Montgomery county sbowlng drainage. 
wholly in unconsolidated beds, for const.ant corrasion has cut _ 
the channels as much as 100 feet below the npper stratified 
beds of the adjacent hills. 
Concerning the age of these drainage basins there are cer-
tain features which, if considered alone would seem sufficient 
to fix the exact date when the work of corrasion began. Com-
bined, the data afford conflicting evidences and render a classi-
fication difficult. In the first place the upland topography is 
not of the drift vaIiety. Although present, the thickness of the 
dIift is not great, and the preglacial cuttings were so deep that 
they practically determined the character of the postglacial 
relief. The.hard limestones stand well above the water level of 
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the streams and bear evidence of erosive action on anextcnsi\"e 
scale. On the other hand the main beds of drift lie in place, 
almost exclusively over the upland bedded rocks. Hence, if 
ever deposited in the rock-bound valleys the drift has been 
later removed or altered beyond recognition as original depos-
its. Those beds which were laid down dnring the retreat of the 
ice after the work of extensive erosion bad ceased must be 
excepted. Certainly there is evidence pointing to the fact that 
the valleys of the East Nishnabotna and of the Nodaways have 
. been formed either in very early Pleistocene time or in the 
later N eocene. At all events they are very old. The smaller 
streams doubtless originated as the waters from the melting 
glaciers began to drain oil' freely. 
HYPSOMETRY. 
Little or no attention has been directed toward the relative 
altitudes of the various points in Montgomery county. The 
minimum elevation above sea level is approximately 960 feet. 
It is found at the exit of the East Nisllllabotna .. The probable 
maximum height is in Lincoln township, where the altitndes 
range from 1,250 to 1,375 feet above the sea level, and in 
extreme cases 300 feet above the base of the nearest valley. It 
may be that further eastward, between the valleys of the East 
Nishnahotna and West Nodaway river, the altitudes are as 
great as in Lincoln ;township; for there is a noticable uniform-
ity in the upland elevation. The altitudes of some of the rail-
way points above sea level as given by Gannett, are as follows: 
ned Oak, 1,032; Villisca, 1,050; Coburg, 1,004; Hawthorne, 
1,056. The slight amount of variation in the reSIJective alti-
tudes of the points mentioned is explained by the fact that they 
are all situated in or near the valleys. 
STRATIGRAPHY. 
General Geological Structure. 
'fhe unstratified rocks of Montgomery county belong to tbe 
Carboniferous and to the Cretaceous, while the unconsoli-
dated materials above these belong to the Pleistocene. Along 
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the water courses and some of their more importsnt tributsries 
the bedded rocks crop out with sufficient frequency to alIord 
80me insight into the geological structure of the region. It is 
important, howev.er, on account of the limited numb,ar -'of 
exposures and the distances respectively between them, to con-
sider each outcrop somewhat carefully and critically. In addi-. 
tioD, each boring must be studied, and conclusions must be 
drawn, not from individual sections, but from a compilation of 
all the information obtainable either in Montgomery county or 
in neighboring areas. 
OLASSIFICATION OF FORMATIONS. 
The following table indicates the divisions and the relations 
of the formations occurring in the county: 
GROUP. SYSTEM. SERIES. 
Genowic. Pleistocene. 
Mesozoic. Cretaceous. Upper. 
Paleozoic. Carboniferous. Upper. Missouri. 
Alluvium. 
Loess. 
Till. 
Nishnabotna. 
General Yertical Bectiol/.-The exposed beds of Montgomery 
county have an aggregate thickness approximating 200 feet. 
This includes a thickness of perhaps seventy feet of unconsoli-
dated beds. The perpendicular measurements given in plate 
x are not secured at a single point, but represent the com-
bined thickness of the beds occurring above the lowest elevation 
within the 4istrict. 
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COAL MEASURES. 
General Cl'oss-Sectioll.-To further 
illustrate the relations of the several for-
mations on the county figure 47 is in-
serted. With the exaggerated. vertical 
scale the pdncipal features ,are fully 
brought out; the profiles and unconformi-
ties are shown. The section extends '=l 
from the northeastern cornel' of the ~ 
county. through ned Oak to the Mills- ~ 
Montgomery line. The coal seam near ~ 
lfiIford appeal'S to dip westwardly and at ~ 
the same time becomes thinner. The g. 
upper six-inch seam, described in subse- ~ 
quent pages, dips similarly and must pass ~ 
into bituminous shale, possibly before ~ 
the center of the area is reached. F 
Geological Formations. 
CARBONIFEROUS. 
" UPPER CARBONIFEROUS OR COAL MEASURES. g 
" MISSOURI STAGE-UPPER COAL MEASURES. ~ 
The lowest rocks having surface ex- ~ 
posures in the county belong to the Car- § 
boniferous system. They extend over ~ 
the district, but are cov8md in part by g 
the Cretaceous beds. Only the upper ~ 
coal measures, 01' Missouri stage, is repre- ~ 
sented. It is the top rock of the low- ~ 
lands and sometimes lies next to the ~ 
drift in the hills. The measures can be ~ 
traced almost the entire length of the ~ 
county. both along the West Nodaway ~ 
and th~ East Nishnabotna rivers and may P 
be recognized along Walnut creek in the 
west-centml and southerD portions in 
the banks of Tarkio in the south-central, 
and of Middle Nodaway in the east-
central, near the eastern boundary of the 
391 
392 GEOLOGY OF MONTGOMERY COUNTY. 
county. 'rhesa exposures have perpendicular faces of from-one 
or two, to thirty feet. Generally only a few ledges are visible. 
Gel/eral Chm'aclers.-The formation has been' roughly eroded 
and its upper surface is furrowed with deep channels ahd 
depressions. A profile of this surface would be badly broken. 
The limestones withstand the action of weathering to a greater 
degree than the clay shales which are so characteristic of the 
same geological horizon farther east. Considering' only the 
natural exposures in Montgomery county limestones seem to 
predominate, although argillaceous beds do occur in consider-
able thickness. However, a reference to -the records of the 
deep holes which have been drilled in this, as well as in adjoin-
ing counties, shows the respective thickness of the limestones 
and shales to be just the reverse of what is the case in the 
greater number of the exposures. To illustrate the conditions 
mentioned a. number of sections will be here inserted. 
DESCRIPTIO!'/' OF TYPICAL SECTIONS. 
Slem,,(t Qllal'l'y.-The following sequence is shown at the 
W. Stennett quarry on the Red Oak and Gl'iswold bl'anch rail-
road, just north of Stennett: 
FEET. 
12. Soil and loess~ ______ ~ ______________________ 8 
11. Clay, residuary, red to brown in 00101' __ 
10. Limestone, weathered ____________ _ 
9. Shale, argillaceous ____ ~ ___ _ 
8. Limestone, hard _______ ~_~ 
1. Shale, clayey, buff to grey 
6. Limeswne, earthy, in part ocherous ________ 2 
5. Limestone, shaly _____________ _ 
4. Limestone, impure, earthy _________ _ 
a. Limestone, hard, sUb-crystallino __________ _ 
2. Limestone, contains much dark chert ______ _ 
1. Limestone, in thin layers ___________________ 0 
Number 8 is perhaps the most prominent ledge on either 
side of the river in .this vicinity. Its character is persistent 
and being al,ways a single ledge it serves well as a guide. in con-
necting sections. 
Fale Quarry.-Atthe Fate quarry (Tp. 73 N., R. XXXVIII W., 
sec. 26, Se. qr., Ne. !) which lies across the river from Sten-
nett, the prevalence of the hard beds is noticeable. Plate xi 
PLATE XI . 
IOWA GEOLOGICA L S UR VEY. 
TYPICAL EXPOS URE OF T HE MISSOU RI STAGE OF THE COAL MEASURES; FATE Q UAR RY, ST ENN ET T . 
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shows the present quarry. The exposure at the old quarry is 
described as follows: 
I~CHES. 
10. Limcstonc fragments in rCSidIHl.l'Y clay 0 
15. Shalc, calcareous ___ • __ .. __ . ______________ _ 
1.1. Limestone, gl'ayish, line-texture(L. ________ _ 
13. Shale, argillaccous, llUlY to grcy ____________ 3 
12. Limcstone, cat'thy, Ilinty in UppCI' Imrt .. ___ 
11_ Limcstone, tcxtUI'O coal·sO _________________ . 1 
10. Limestone, upper two fe~t llUl'(l, lower purt 
e(u-thy and bearing chert. _____ _ 
tJ. Clay, hulY _______ • _ _. ____________________ __ 
8. Limestone," blue" _______________________ • 
7. Limestone, -I-inch ledge, chcrt in nllper part 
G. Limestone ______________________ . ___ _ 
5. Shale argillaceolls, impllre _______________ _ 
4. Limestone, two ledges, both with cher!. __ __ 
3. Limestone, dark grey, soft _______________ . 
? Limestone, "blllo" ______ _ 
1. Shale, argillacCQus 
Numbers 1 to 5 are not now exposed, but are known to 
<occur as given, and the first of these is said to extend to the 
water of the river. A.t tho mill a short distance down the 
stream it is seen resting on a bituminous shale. This shale is 
;again shown in a sharp ravine about a quarter of a mile south~ 
ward, and here the thickness is measured as sixteen inches. 
Along Pilot branch near the cente~' of section 26, to the west of 
-Stennett quarry, it is more than three feet thick and overlies 
two feet of shaly limestone which in turn rests ~n a hard fossil-
iferous limorock. The bituminous vein at this point is per-
haps eight feet above tho river, and in the ravine mentioned its 
elevation is about the same; indicating conclusively that the 
strata in this section have an appreciable dip to the north. 
Fox QIlUI'J'y.-Just a quarter of a mile north from the north-
east corner of Montgomery county there is- another good 
-exposure of coal measure strata. This is at the Fox quarry on 
the south bank of the West Nodaway. The order of the beds 
-is as follmvs: 
PEET. INCHES. 
11. Limestone, deeompo~cd, and clay __________ 2 
10. - Shale, argillaceous __ __ 
9. Limestone, two lcdges; calcite lined cavi· 
ties _______ .. ____________ .. ______________ 3 
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l-'EET. INCHES. 
8. Shale, calcareous, fossiliferous _~ __________ 1 
7. Limestone, 8ub-crystalltne ________ • _______ 7 
6. Shale, calcareous _________________________ _ 
5. Limestone, brownish _____________________ _ 
4. ShaIe, grey in upper part, black fissile at 
bottom ___________________________________ 2 
3. Limestone, dark grey, coarse-textured. __ _ 
2. Shalo, upper two-thirds rod to grey; lower 
portion brown to black, laminated ______ _ 
1. Limcst<)llo (partly exposed) ______________ _ 
The base of this section is probably twenty feet above the 
river at this point. 
Smith and Fisher Qllarries.-Near Milford in the extreme 
northeast portion of the connty, the Carboniferous consists 
almost entirely of limestone in ledges from a few inches to 
more than three feet in thickness. Combining the outcrops 
shown at the Smith and the Fisher quarries, ~hich are on 
opposite sides of the river, the following sequence is secured: 
FEET. INCHES. 
6. Soil and loess _____________________________ 5 
5. Limestone, ahaIy __________________________ 1 
4. Shale, impure __ • _________________________ 2 
3. Limes\-one, .one ledge_____ 3 
2. Limestone, shaIy __________________________ 1 
1. Limestone _________________________________ 1 
Milford Mill<lalJ!.-At the milldam at Milford there are 
shown: 
FEET. 
6, Soil, drift and weathered limestone___ 9 
5. Limestone, rather coarse ___________________ 1 • 9 
4. Shale, ealcareous ________________________ __ 
3. Limestone, greyish-brown with calcite-
lined cavities ____________________________ 1 
2. Shale, dark grey __________________ ~ ________ 1 
1. Limestone ________________________ ~ ________ 1 11 
From these detailed sections the lithological characters of 
the uppermost rocks of the Missouri stage in the northeastern 
quarter of the county are shown to be in general quite similar 
to those noticeable in the. central region. 
nrC/lulft Creek Seclioll.-In the northwest quarter of ~Iont­
gomery thel'e are no Carboniferous rocks in sight; the post-
glacial drainage not having cut through ,the drift. The most 
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northwestern outcrop is along Walnut creek (Tp. 72 N., R. 
XXXIX W., sec. 1, Ne. qr., Se. i). The order of the division is 
here given: 
FEET. l~CIlES. 
6. Loess _____________________________________ 3 
5. Limestone, weathered into thin layers ____ _ 
.,1_ Limestone, grey to buH _______________ .____ 1 
:3. Limest{mc, thin layers ____________________ _ 
2. LImestone, two ledges ______________________ 1 
1. Limestone, "blue" _________________ . 1 
Shales are hero absent unless concealed by debris. 
Climax Qual'ry.-Not far from the old village of Climax, 
at the extreme southwest, at the crossing of Walnut creek and 
the north line of section 30 of 'Vest township, a predominance· 
of the softer strata is noticeable. The section runs as follows:-. 
7. Soil, boulder clay and sand ___ _ 
6. Limestone, vory fine·textured .. 
5. Shale, in part calcareolls. 
-t. Shale, argillaceous __ 
3. Limestone, earthy __ 
2. Shale, dark 
FEET. 
I 
INCHES. 
6 
1. Limestone, 6 
In the south-central podion, along the banks of the Tarkio,. 
both north and south of the Montgomery-Page county line, the 
coal mea-sures are represented by limestones rather than argil-
laceous materials. Such is also the 'case at Corning, ten miles 
east of Montgomery county. The limestones here have a-
total thickness of twelve feet. ':J.1he bottom of the exposure is 
nearly on a level with the water in the East Nodaway river. 
Summarizing the characteristics of the Upper Carboniferous 
beds in Montgomery county it may be said that sandstones are 
practically absent; shales occur ill thin beds and limestones 
are prominent. 
DESURll'TlON OF DEEP DRn.f. nOLE';. 
Since the visit of White and 1Ieok* to this region deep drill-
ing has been carried on at many points in search of coa'! 01'- • 
water. When expecting to find coal it has been customary to 
rely upon the theoretical estimates given by the authors men-
tioned. These attempts to locate coal scams have by no met~ns 
"lJ.s."(i;;LHtlr\·. or Tl'rrltorles,lS67, IS."~ 1669. 1'. 'j. 1813. 
396 GEOLOGY OF MONTGOM.ERY OOUNTY. 
always resulted successfully. The churn, or slush drill has 
usually been employed and the records obtainable are not so 
satisfactory as where the core drill is used; yet it is not impos~ 
sible to get an idea of the character of the strata from the 
churnings carefully preserved. It does not seem advisable to 
draw absolute conclusions from snch data as to the thickness of 
a partic~lar stratum, and at all times it is necessary that an 
allowance be made for inaccuracies liable to arise froin a lack 
of cafe in the determination of the thickness and characters of 
each bed passed througb .. 
From time to time holes have beenputdown in various sections 
of Montgomery county. These have varied in depth from that 
of the common surface well to 650 feet. The deepest borings 
have been prosecuted at ned Oak and Villisca. 
Red Oak nrilli"g.-The record here given presents a some-
what condensed section of the ned Oak deep prospect hole*. 
FEET. 
45. Loess ___________________________________ 30 
44. Sand, and dark shales ____________________ 40 
43. Sandrock __________________________________ 3 
42. Shale, marly above, im}urated below ______ 21 
41. Shale, siliceous above, marly below ___ ~ ___ 99 
40. Limeskmo ___________ ~ ~ _______ ~ ___________ _ 
39. Sbale, dark ______________________________ _ 
38. Limestone ________ ~ _____ • ________________ _ 
37. Shale, argillaceous _______________________ _ 
36. Limestone, earthy ________________________ _ 
35. Sandstone -' ____ -' ________________________ _ 
M. Shale, argillaceous, blue _____ • __________ _ 
33. Limestone,· grey __________________________ _ 
32. Shale ____________________________________ _ 
31. Limestone, impure ______ ._ 
30. Shale, gray above, black at bottom________ 10 
29. Limestone, in thin ledges _________________ _ 
28. Shale, thin indurated layers in Upper part 10 
27. Limestone _______________________ .-' ______ ] 
26. Limeswne more Or1cSii shals ___________ . __ 25 
2,5. Limeswne _________________________________ 3 
24. Shale, argillaceolls ________________________ 12 
23. Limestone _____________ '- __________________ 13 
22. Shale, siliceous, dark __ . _____ 10 
21. Limestone .______________ _ ___ • ___ 3 
*lflBt. lIont. Co. Po 4:!:!. 1881. 
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20. Shale, grey beIO\I" IIIlllCl' IouI' feet bitum-
inous ______ _ ______________ Ii 
19, Limestone, grey _____ 2 
18. Shale, siliceous abol"e, clayey belm\'" ______ 10 
17. Limestone, impu!'(l _______________________ 2 
16. Shale __ _ _______________________ (J 
15. Limestone _______________________________ 23 
14. Sbale, argillaceous aooye, {'alcal'eous and 
sandy below ______________________________ 24 
13. Limestone, grey__________ _ _______ 6 
12. Shale, yariegated __________________________ 73 
11. Limestone______________________ _ __ 2 
10. Shale, siliceous above_________ _ ______ 12 
9. Lime~tone________ _ _________________ 7 
S. Shale, argillaceous__ __ a 
7. Limestono _______________ _ 
6. Shale ______________________ _ 
5. Limestone, marly partings _________ __ 
4. Shale, calcareous, clayey and mriegated in 
lower part ___________ ~------------------- 9 
3. Limestone, impUre, grey __ . _______________ U 
2. Shale __________________________ . __________ 19 
1. Limestone .. ________ • _________ ._________ 3 
Numbers 42, 43 aud 44 of the above section are probably 
Cretaceous beds and all below these numbers certainly belong 
to the Missouri stage. 
Rosacrantz Prospect Hole.~A deep hole was put down in Tp. 
73 N., R. XXXVI W., sec. 31, Nw. qr., Se. i, to a depth of 230 
feet. Carboniferous rocks were reached ninety feet below the 
surface under seventy feet of Cretaceous and twenty feetGof 
Pleistocene. This is known as the Rosacrantz drilling. The 
record preserved is as follows: 
FEEl'. INCHES. 
10. Soil, loessund bouldel'clnr _______________ 20 
9. Sandt'ock, fdable __________________________ iO 
8. Shale, argillaceous, grey __________________ 67 
~. Limcst(lne ______________________ 1 
6. Shale, argillaceous _____________________ _ 
5. Coal __ __ ____________________ (J 
4. Sbale, ar?:illaceou!i, grey to dark __________ 1 
3. Shale and limestone in altemate layers 
usually from 3 to 12 inches thick _______ 67 
2. Shale, bituminous______________________ _ 2 
1. Limestone (not entered}_. _______________ __ 
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McCrackell Deep Dl'ilIillg.-In this same neighborhood, in 
·Tp. 75 N., R. XXXVII W., sec. 36, Nw. qr., Ne. :1, another hole 
was bored in search of coal. The surface of the ground at tbis 
point is perhaps fifteen feet above a small tributary of Seven 
Mile creek. The section furnished of the McCracl:en drilling is 
here inserted. 
FEE-T. 
10. Soil and loess~ __ . ________ .. ______ _~ _____ . __ 25 
9. Boulder clay and sand._________ .' ______ .' 10 
8. Clay, silicious. yellO\\ .... ____ . ____ . __________ 65 
1. Limestone. . .. ____________ .~ __ " 
{i. Shale, light to dark grey ___________________ . ____ .. _ 30 
5. Limestone-. ___ _ 
-1. Coal,. _______ _ 
3, Shale, indurated in part. ___ ~_.~ _____ . __ . ___________ gO 
2. Limestone • ____ •• __ '. ___ • ___ • __ .•• ______ •.. __ •• __ •• _ Ii 
1. Coal and !'ihnle, bituminous ._. ___ . __ •... _ ... _. ____ .__ 2! 
At this place the Carboniferous rocks lie next to the drift, 
the Cretaceous having been completely eroded. Number 
1 was given as from two and one·half to four feet thick, and 
made up of coal, but other evidence would go to show that a 
-considerable part of it is nothing more than hituminous shale, -
and that the coal is the Nodaway vein, of which mention will 
be made. 
Villisca Prospect lIole.-No account was kept of the mate-
rials passed through in the well put down near Villisca (Tp. 71 
N., R. XXXVI W., sec. 26, Ne. qr., Sw. :1) until the depth of 428 
feet was reached. After that the following strata were met 
with: 
FEE'l'. 
10. Shale, somewhat variegated _______________ ._. _______ 62 
9. Shale, indurated, light in color __ . ___ . _______________ 14 
8. Shale, bituminous, fissile iIi part ____________________ 13 
7. Coal and fissile black shale ._________________________ 5 
6. Fire clay and shale _____________________________ • ____ H) 
5. Shp,le, argillaceous __________________ . __________ .. ___ a 
4. Shale with thin limestone ledges . ______ •.. __________ an 
3. Shale, dark, colored, hard. ___ • __________ ... _________ 14 
2. Limestone ___ " _ ...• _ .. _________ .. _ •... ______________ 3 
I. Shale, dark ____ • ___ ... _. __ . ___ ..... ___ . _____________ 22 
In this portion of the hole practically nothing but shales 
were encountered. 
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The records l>reseuted show the character of the strata lllet 
with in sinking the principal drill holes in Montgomery county. 
Other shallower holes have been drilled, but the results show 
no conditions different from those displayed in the foregoing. 
They all show shales alternating with limestones, the shales in 
all cases predominating. 
Considering these records 3S approximately C01'rect there is 
nothing which would indicate that the upper coal measures 
have in any instance been passed through. The stratigmphic 
and Ht,hological features are just snch as mark the formation 
elsewhere. 
The eaTlier estimates of White and Meek are known to be 
more or less in error. In their l'eports on the region in question 
it -was claimed that the uppel' and so-called middle coal 
measures of Iowa had an aggregate thickness of about 400 
feet, a thickness less than tbe depth reached by some of the 
drill holes mentioned. These authOl~ thought that the pro· 
ductive measures should be encounted in southwestern Iowa 
and points adjacent, at depths not to exceed 300 to 500 feet 
below the water level of tho Missouri rive!: at the southwest 
corner of Iowa. This level has an altitude of 907 feet above 
tide. The elevation of the East Nishnabotua at Red Oak is 
only about 100 feet above the plane. The same is true of the 
Nodaway at Villisca. 
Supposing the Ca.rboniferous strata in southwestern Iowa to 
be practicaJly hotizontal then it would not be necessary to go 
down more than the extl'6me estimate, 600 feet below the sur-
face, at either Red Oak or Villisca before the lower coal meas-
ures would be reacbed. On tbe other band it has been deter-
mined that the Paleozoic beds in this distl'ict are not leve], 
but havo a general dip towards the southwest. If the rate of 
decline be taken at the conservative and commonly accepted 
amount, ten feet per mile, the strata found at the surface at 
Red Oak, for instance, would be approximately 250 feet below 
water level at Nebraska City, which is about thirty-five miles 
distant. Assuming then this slope as actually exisHngt the 
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depth to the lower coal measures at Red Oak would not exceed 
250 feet, still basing the conclusions upon the White-Meek esti-
mates at the Missouri river. 
The altitude of the top of the lower coal measures at Des 
Moines is about 850 feet higher than sea level. Low water 
mark at Red Oak is about 1,000 feet above the same datum. 
Hence, allowing the same dip to the strata for the lineal dis-
tance between the two points, which is ninety-five miles, a per-
pendicular measurement of 1,100 feet would necessarily have to 
be gone through before the Des Moines rocks would be reached. 
This thickness would consist of nearly 1,000 feet of the upper 
coal measures, or Missouri stage with the remainder made up 
of the so-called middle coal measure now regarded provision-
ally as a part of the Des ~foines stage'. 
At Glenwood, Mills county, about twenty-five miles directly 
west of Red Oak, the corrected elevation of the railroad track 
is 980 feet above sea level. Several years ago, in tbe north-
western part of Glenwood at an elevation of 152 feet above the 
track, a well 2,000 feet deep was bored in search for water. 
Samples of the drillings were carefully taken and preserved by 
S. Dean. The section will not be inserted in full, but since 
what is true of the formation here applies equally to the lower 
rocks of Montgomery county, certain noticeable points brought 
out in the record may be mentioned. The recent examination 
of the drillings suggests a number of conclusions which differ 
very materially from those offered 'by Callt. 
The base of the upper coal measures was put by Call at 317 ' 
feet from the surface. There is surely no sufficient reason fOl~ 
such a statement. The strata for a great distance below this 
limit are evidently not different in general character from 
those of the individual rocks which lie above. Beds of argillac-
eous shales alternating with layers of limestone extend to a 
depth of more than 1,400 feet belmy the surface. It would bl} 
more natural and consistent to set the limit of the upper meas-
ure in this drill hole at a depth of about 1,500 feet, and conced", 
*Iowa Oeol. Sun' .• \'01. 1(. p.l20, 18(14, 
, +Pro<:. lown: Acad. Sci., \'01. J, pt. II, lIP.6!Hi3. Des lloineg, 1m 
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the lower 500 feet to the Des ~Ioines stage. A careful examiu· 
ation of the drillings below the ullper coal measures as thus 
limited results in the finding of very fine-grained white to yel-
low sandstone with an occasional layer of common clay shales. 
Such mateTials extend to the bottom of the hole. 
Iu Cass county, at Atlantic, thirty miles northeast of Red 
Oak, a well was bored to a depth of more tban 1,300 feet. 
Down to 1,100 feet the rocks passed through consisted almost 
exclushrely of the shales and limestone which are characteristic 
of tIle upper coal measures. Below that dC}lth the materials 
were just such as appeared in the lowest 500 Ceet of the Glell-
wood well. The elevation at tho Atlantic well is just a little 
above that of the surface at Glenwood. If the dip of the 
strata toward the southwest as given above is correct, this vaT-
iation in the depth at which the sandrock formation was 
Teached at the two localities would nearly be explained, the 
distance between the points heing thirty miles. 
Neal' Clarinda, twenty-five miles southeast of Red Oak, at 
an elevation of approximately 1,020 feet above sea level a well 
1,002 feet deep was put down in the effort to ascertain if thick 
coal veins were present. It was shown that below the drift the 
entire thickness was almost wholly of shales and limestones. 
Here also it would appeal' that the upper coal measures were 
not passed through. . 
Prospecting has also been can-jed Oll at Shenandoah, twenty 
miles nearly south of the county seat of Montgomery county. 
A hole wa.s bored 700 feet deep passing through sllales and 
limestones only. At the Iowa school for the deaf neal' Council 
Bluffs, an SOO-foot drill hole disclosed mainly argillaceous 
shales and hard limestones:. 
Results from investigations at other points might be given 
but with the data from the Red Oak and Villisca deep holes, in 
Montgomery county, and from sev6rallocalities on the different 
sides of the district the structure is pretty well shown. These 
records, taken to depths of from 500 to 2,000 feet, reveal the 
character of the underground beds and counting upon the 
data as in a manner accurate tbe following conclusions are 
drawn: (1.) The combined thickness of tbe diyisions of the 
29Ultep 
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upper Cal'boniferous ill :nlolltgomery county is in the neighbor-
hood of 2,000 feet. (2.) The upper coal measures have a 
thickness in the same region' of from 1,400 to 1,500 feet. 
Broadhead,* in support of a similar opinion, records the 
upper coal measures in Atchison, the northwest county of Mis~ 
souri, as more than 1,100 feet, and the upper Carboniferous as 
1,900 feet in thickness. The estimate for the upper division has 
more recently been corroborated by Winslow.t 
After briefly reviewing the Iowa-Nebraska coal field and the 
work of Meek and White in that territory together with that 
of Broadhead in Missouri, Aughey argues that the lower coal 
measures beds might be reached at any locality along the river 
from Omaha to Plattsmouth at the depth of from 800 to 900 
feet below the surface.:J: The information already given would 
certainly tend to prove that this opinion is not well founded. 
BITUMUWUS DEPOSITS. 
The position of Montgomery county, as well as of the entire 
southwest section of Iowa, with respect to points at which the 
mining of heavier veins of coal is carried all, is such as to make 
the finding of coal within the district very desirable. Pros-
.pecting has been prosecuted in a number of localities with 
widely varying results. These investigations were, as a rule, 
made at a time when the stratigraphic features of the coal 
measures were not understood; at a time when the horizontal 
and vertical extent of coal beds was counted upon as persist~ 
ent through great belts of the formation. 
In opposition to this view, Keyes§ suggests the conditions 
existing in other fields as equally prevalent in the Iowa meas-
ures, That is, instead of the ODe ~r two or three coal strata 
persistent throughout a large area, there are numerous sellarate 
beds which are disposed in lenticular basins of varying areal 
extent. This idea has later been accepted by Winslow II and 
has again been treated more fully by Keyes~~. Hence because 
*lron Ores and Goal FJelds, Geoi. Sur. of)lo., pt.Il.,pp. 6and!lEt. 1S'i3. 
f Prelim. Rep. flU Coal, Ma. Gool. Sur., p. 21.1FJl. 
H'hys. Geog. antI G('ol. of Nebraska, p. 100. 1~8G. 
~Ameriean Goologlst, .01. X, p. fOl, ISSS. 
IAnn. Hep. Gool. Sur. of Ark. for 188f!. Prelim. Hept.on Coal, Ma.Geoi. Su,,·., pp. 31-3B..laJ 
";Coal IlellOsits, Iowa GIlDI. Sun., .allI, p.l;;';' pl. xiii. 1S!'4. 
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hea.vy coal veins exist in certain sections, it is not to be inferred 
that COlTcsponding veins will be found everywhere at the same 
horizon. 
Lithological C/wraclcJ'.-Past iuvestigations have failed to 
reveal the presence of heavy coal seams within the limits 
of Montgomery county. 'rhe attempt to locate coal beds of 
the lower coal measures has not been-successful. If such veins 
do occur there is no evidence whatever pointing to the presence 
of any such thicknesses as are found in the same geological 
formation in central and southeastcl'll Iowa and ~Iissouri. In 
order to best understand the stratigraphic position and thick-
ness of the bituminous layers within l\Iontgomery, the informa-
tion afforded by the drill records in the county itself and in 
neighboring counties wherein coal has been reported, must be 
considered. But before doing this, reference will be made to 
the known occurrences of coal seams in the county under 
immediate consideration. 
On the south bank of Williams branch (Tp. 73 N., R. 
XXXVI W., sec. 1, Se. q"., Sw. 1) at the extreme northeast sec-
tion of Montgomery county. a coal vein was discovered and 
mined about thirty years ago. The thickness of the layer 
varied from eighteen to twenty-two inches. White mentioned 
this occurrence but was inclined to treat it as one of little con-
sequence and did not anticipate its becoming of any pal'ticulal' 
economic value*. 
FJgure 49. Cool ood at old 
"'cstrope mlne_ 
5. DrifL ______________ _ 
-t Shale, dark colored _ _____ 2 
3. Limestone, impure, compacL ____ _ 
2. CoaL _______________ _ 
1. Fia'c clay. _____________________ _ 
~I()...-a Oeol. Sun'., Flr;;t lind Sec. Ann. Reports, I', 6:l 
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The latter development, however, was quite considerable in 
extent. Not only has the vein been mined at this point but at 
numerous others of which mention will be made hereafter. 
The appearance of this coal along the Nodaway river has given 
to the vein the name of Nodaway. 
At the special locality refelTed to in the corner of Mont-
gomery there are no good exposures of the vein or of the 
associated strata. The section,showll in figure 4 represents the 
beds as they appeared at the time mining was in progress. 
At Briscoe, three miles eastward, in Adams county, tbe 
Nodaway vein is mined from tbree or four shafts. The rocks at 
the localities in this immediate vicinity are similar to those 
formerly exposed on William's branch. ThesequBllce as occur-
ring at one of tbese shafts, the Plowman, is represented in figure 
5. The uppermost twenty-five feet of material is drift. 
INCHES. 
7. Shale, gray, clayey ___________ _ 
6. Limestone, gray _______________ I 
5. CoaL ___________________ _ 
4. Shale, finely laminated, bitu-
minolls~ ____ _ 
3. FireClay _______________ ~ ___ _ 
2. Limestone, thin bedded 
I. Shale, sandy in part ___________ I 
"(.'lgure49. Coal bed In Plowman shaft; Urtscoc_ 
There are still other localities in Adams, Page, and Taylor 
counties where mining of this very persistent vein has been 
carried on for a period of several years. At Eureka and Carbon, 
between Villisca and Hawleyville, near New Market, near 
Shambaugh, and near Clarinda, coal mining is to-day an indus-
try of considerable importance. From two to eight slopes or 
shafts are now operated in each locality. 
Further southward this Nodaway coal was found outcrop-
cropping two miles north of the Iowa-Missouri line and Broad-
head traces it to a point about filteen miles into Missouri' . 
• Iron Ore.'<and Coal FleHs, Mo. Gool. SUr., pp.394-:J98. 1872. 
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The altitudes at the different places nearly correspond with that 
of the Nodaway river at the point 1castl'emote from the known 
occurrence. 
From Briscoe to Quitman the lineal distanco is approxi-
mately sixty miles. East of the line connecting these two points, 
except as already mentioned, tIlCrc is no l}robability of the coal 
vein extending for any great distance. Limestones soon pre-
dominate and but rarely are the accompaning shales of much 
consequence. 1N est of the line mentioned the presence of the 
vein is claimed at numerous points. In 'I'p. 72 N., R XXXV I 
'V., sec. 33, No. qr., Se. t. coal was reported in a bored well 
at eighty feet from the surface. However, much credence is 
not put in this report since development, once begun, was given 
up before such a seam was reached. 
In Page connty (1'1'. 70 N., R. XXXVIII W., sec. 24) at a 
point four miles south of Montgomery, a seam Of coal supposed 
to be the Nodaway has been found, thongh ·with slightly less 
thickness tha.n elsewhere. The only entirely certain occur-
rence of con.I within Montgomery is the one ment,ioned in the 
northeast corner of the county. In all likelihood, howe,'er, 
this vein underlies at ,t greater or less depth <t large portion of 
the district. In fact the eastern half, exceptiIlg IJOssibly the 
region immediately adjacent to Villisca whore erosion has been 
greater, likely bears the Nodaway vein within Dogreat distance 
from the surface. It may be that in some instances the actual 
thickness of the coal is considerably less than the maximum 
found near Milford. It would seem that undulations exist in 
this region with the direction of the axis almost parallel to the 
direction of the generally supposed dip of the rucks. The 
trough of one of these undulations would cross somewhere in 
the western portion of Montgomery county. 
It might be well to inse11 additional data relative to the 
Nodaway- coal which has ueen undel' consideration. From 
what has been deflnitely shown it will be seen that this scam 
extends under a greater tenitory than does any other yet found 
within Iowa, and the possibilities of finding it under a still 
larger area, especially westward and southward, seems favor-
able. 
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In the western part of Fremont county the cropping out of 
a ton-inch vein of coal at an elevation of perhaps sixty feet 
above the Missouri bottoms is recorded by White'. He consid-
ered this to be an extension of the Nodaway coal, but in order 
to establish this fact additional field work is required. How-
ever, in case such proves to be a fact it may yet he practicable 
to connect the stl'ata with the coal vein, which Meek describes 
as existing in Nemaha, Ote and Cass counties in Nebraska. 
Otherwise the Fremont exposure and those in Nebraska arB 
probably of the same horizou, both wholly different from the 
Nodaway vein. About twenty miles in a northeasterly direc-
tion from the northeast corner of Montgomery county, at a 
depth of 262 feet, a coal seam with a thickness of from twenty 
to thirty-five inches has recently been discoveredt. In litho-
logical character the strata overlying the coal at this point do 
not wholly conform to the features of the beds over the Noda-
way seam. 
Through a comparison of the relative thickness of the coal 
as shown in these several localities a more or less persistent and 
regular attenuation southwestward is noticeable. 
The limited amount of attention given to the occurrences in 
southwestern Iowa does not allow the drawing of exact con-
clusiops as to geographical extent and the continuity of the 
individual layers nor to their relative position. Careful field 
study over a large region ·is necessary. The estimates and 
theories are not offered as final settlement of the questions. 
There are weighty points in theirfavor and it is believed the 
suggestions may be relied upon. 
Al; yet but the single vein of coal has been encountered 
above the water level in Montgomery county. Occasional out-
croppings of black fissile shale, locally known as "coal blossom," 
give rise to the reports of additional seams. 
In almost every record of deep drill holes in southwestern 
Iowa and adjacent fields coal is indicated. The distance of the 
strata from the surface of the ground ranges from a few feet to 
*Am. Jour. Sci., (2), XL[\7, p. 29. 1867. 
tJoIVa Oeol. Surv.: vol. II, p. U~. 1891. 
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900 or 1,000; the thickness of the vein is given from a mere 
trace to five feet. 
There stand out in this connection, two probable sources of 
error: (1.) Determination of the nature of the materials; (2.) 
Determination of the thickness of the individual beds. Errors 
from either of these sources aTe of common OCCUTrence and usu-
ally arise from lack of care or non-appreciation of the impor-
tance of accurate work. The errors most probable which per-
tain to the lit.hological character are made up through the 
inability of persons in chal'ge to distinguish limestono from 
sandstone or bituminous shale from coal. These mistakes have 
so often occurred that it is safe to believe that in certain 
instances where coal has been reported in the record, there was 
in reality nothing more than bituminous shale. A study of the 
surface rocks and of the reliable drill records confirms this 
belief. 'The tendency is naturally towards recognizing shale as 
coal. Hence, in tho consideration of tho reported existence of 
coal at the various localities, too much reliance must not be 
placed on the accuracy of records. 
In tho 560-loot prospect hole at Red Oak (see page 396) no 
coal was reported. Another hole, the Bolt and Crockett, was 
bored in section 32, south of Red Oak, and an eight-inch vein 
of coal was said to have been struck at a depth of about 100 
feet. The elevation at the top of the hole is perhaps ten leet 
above the river at this point. Only a partial record of another 
drill hole at Red Oak, at a point probably thirty feet above 
the elevation of the Nishnabotna was obtainable. MOl'e than 
one coal vein was said to have been passed through at depths 
between 200 and 300 feet. ~'he greatest thickness of any of 
these was given as sixteen inches. 
Upon comparison of the records a great diversity in the 
character of the strata at the three localities is evident. In 
the first case the hole was deepest but no coal was struck; 
in the last, only a few hundred feet distant, several veins were 
encountered. It is not improbable that shaly layers in the 
latter were mistaken for coa1. 
~Hlstory lTonlg. County. p. 42(). ISS!. 
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About two miles northeast of Red Oak is the Stockslager 
well, 125 feet deep. A few inches of coal are reported as occur-
ring just under several feet of black shale at a depth of about 
ninety feet. 
In Douglas, the northeastern township, in the sinking of 
the Rosacrautz prospect hole (see page 397) a six-inch vein of 
good coal was reported at a depth of 160 feet from the surface; 
nOlle lower down. Westward, a little over a mile into Pilot 
Grove township, the McCracken boring recorded this same six-
inch vein of coal at nearly 140 reet and another seam, doubt-
less the Nodaway, at a depth of 230 feet. The thickness of 
the latter was given positively as thirty inches. The McCracken 
drilling was started at an elevation somewhat less than that at 
the Rosacrantz and this explains the difference in the depth to 
the upper vein at the two localities as well as the appearance of 
the heavier vein in the one and not in the other. Other deep 
holes should discover this thicker vein. . 
The Lenz drilling was done in Tp. 73 N., R. XXXVI W., sec. 
5, Ne. qr., Nw 1-. At 114 feet below the surface or eighty feet 
below the water of Rose creek, a seam of coal eight to twelve 
inches thick was met with. This is doubtless an attenuated 
portion of the Nodaway coal. Again near the southern 
boundary of Montgomery county (Tp. 71 N., It. XXXVII W., 
sec. 33, Sw. qr., N e. 1), in prospecting for coal, J. W. Donaldson 
of Stanton, claims to have struck a. thin vein, probably the 
Nodaway. This same yein is exposed at the abandoned Lin-
quist mine about five miles southwest, in Page county, 
O~her reported occurrences of this seam or of other seams 
of coal in Montgomery county migbt 'here be recognized but 
more the accurate results of the drillings have been recorded 
already and these are deemed sufficient to iridicate that while 
the presence of coal is evident the particular oCCurrences can 
not be satisfactorily con·elated. 
CALCAREOUS HEDS, 
The structure of the calcareous layers of the upper Carbon-
iferous of Montgomery county has been aheady I'eferred to in 
an incidenta.l but general way in the discussion of the common 
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-character of the measures as a whole. A more specific refer-
ence is seal'eely necessary. 
As has been shown, limestones made up the greater propor-
tion of the upper or exposed rDek, but the deep drilling has 
revealed that the shales predominate lower. In the general lime-
stone formation the material separating the individual ledges 
usually has a thickness of bUb an inch or so, rarely so much as a 
foot. The thinner IJartings al'e themsel\Tes decidedly calcareous 
and are designated, where noted in the sections as marls. r.rhey 
mayor may not bear fossils. Some of the partings have lUauy 
species of shells in great abundance, IUllO case are these ilrgilIo-
calcareous layers of economic value. 
The limestones may be arranged in three divisions, classed 
lithologically. (1.) Finely to coarsely textured, compact, and 
brittle; fossiliferous or non-fossiliferous. (2,) Finely toxtured, 
resembling number one but bearing chert.. (3.) Earthy. 'fhe 
first and second classes make up neady the entire calcareous 
division. They occur in weathered ledges frome one or two, to 
-as many as forty inches in thickness. As a 1'llle they bear fos-
sils, but the extent to -which they are fossiliferous varies 
greatly. In some of the ledges, such as are seeu at the Sten- . 
nett quarries and eastward, the characteristic species are so 
abundant and persistent as to enable the same strata to he 
traced for great distances merely thi'ough the recognition of the 
.prevailing fossil forms. 
The various ledges of limestone may be used for different 
purposes. The weathered, the thin, and the softer beds are 
adapted for road material, ballast or rubble. Others answer for 
rough masonry or for interior walls. The more solid, evenly 
textured rock is used for outside walls, sills, steps and fOT orna-
mental work. Some ledges that seem hard and compact when 
taken from the qualTy are affected to such an extent by 
changing· conditions or temperature and moisture as to make 
them almost valueless for outer constructional purposes. 'rlhe 
greater number of the solid hea\'y beds of 1imestone are strong, 
durable, are easily dressed and admit of a superior finish. The 
heavier ledges which show no tendency to fracture, are used 
'. ' ... ;" 
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extensively as piers, abutments aud foundations for bridge-
work and for milldams in the larger streams. 
Chemical analyses of the limestones have not as yet been 
made, and the exact percentage of the carbonate contained is· 
not known. The composition of the rocks is certainly such as 
to warrant their use in the manufacture of lime. Yeara ago a 
white lime was burned at a number of localities within Mont-
gomery county. In quality the product is said to have been 
good. 
ARGILLACEOUS MATERIAL. 
The clays of the upper Carboniferous are elsewhere in the· 
state of great value and are utilized in the manufacture of var-
ious kinds of wares including pottery, sewer-pipe, drain tile, fire· 
brick and different grades of structural brick. They belong, 
for the most part, to the lower coal measures, a formation 
characterized by great abundance of argillaceous material. The· 
npper division "Covering southwestern Iowa, also contains clay 
shales of similar quality. They occur in beds from a few feet 
to nearly one hundred feet thick, and are found gonerally dis-
tributed throughout the formation. 
It happens that all of the known heavier lieds which occur 
within the limits of Montgomery lie almost invariably at a 
considerable distance below the surface. Just over the lime-
stone ledge which rests on the coal of the northeastern quarter 
of the county there occurs a bed of light grey or "blue" shale 
which is decidedly argillaceous and plastic. Its extreme thick-
ness is about one hundred feet. This· amount was shown at 
Briscoe, in Ad~ms county, three or four miles east of the north-
east corner of Montgomery. Here ninety-two feet of this-
"shell soapstone" was passed through in putting down the new 
Miller shaft, and it is not improbable that prior to the glacial 
erosion, this thickness was considerably in excess of what is now 
presented. The drift detritus nolV rests directly upon the shale. 
Unfortunately no railroad line passes across this immediate 
region. Transportation facilities are consequently meager; 
otherwise the eighteen-inch coal vein, once developed near 
Milford, would be again opened, and the overlying shale 
would be put to!" number of economic uses. At present, non~ 
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of the heavier clays, those employed for making pavers and 
other strong articles, are utilized at auy point in southwestern 
Iowa, northwestern Missouri or eastorn Nebraska. The field 
for trade is great, while there is a strong demand, competition 
in the sale of the greater nnmber of clay products is not close. 
Recent excavations along the river at Villisca has shown the 
existence there of several shale beds, some of which are. quite 
suitable for the manufacture of the ordinary products. One 01' 
two of the beds at this point abound in calcite fossils which 
render the deposits valueless. In addition to the beds men· 
tioned it may be important to notice the few bands and layel's 
of argillaceous materials found separating limestone ledges. 
Near Stennett these thinner clay strata are very common in 
occurrence. The thickness of the individual beds range from a 
few inches to several feet, but in no place is the quantity suffi-
cient·to make the deposit of any particular use. 
The presence of iron pyrites in crystal form, disseminated 
throughout the body of the shale bed, is not so common in the 
upper division as nearer the base of the coal measures. Pyrites, 
however, appear in small quantities, and there are also hard 
concretions of calcareous substances, but neither of these 
impurities occur to such an extent as to make the use of the 
clays in manufacturing unadvisable or to make the product 
poor, or unpI·ofitable. The sinking <if the shafts to such depths 
as would be necessary to reach workable coal measure shales, 
would not be advisable nor should the mining of the ordinary 
deep clays be underl,aken unless in connection with the work· 
ing of a coal seam. 
ARE..'iACEOUS DEPOSiTS. 
The arenaceous beds of the coal measures in Montgomel'Y 
county are of little consequence, since true sandstone appears 
above surface at no point and sustains no well defined position 
in the borings. Where reported the sandstone was soft, some· 
times micaceous and more or less clayey. The appearance of 
the hard siliceous beds of the Missouri stage was marked but 
once in the records of any of the deep drill holes put down at 
Red Oak, Villisca or any of the country localities. 
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CRETACEOUS. 
In reviewing the structure of the county White* set down 
as Cretaceous certain sandstones found along the East Nishna· 
botna, and placed the southern boundary of these beds at the 
county seat, Red Oak. Only ,mndstones, or friable grits, were 
at that time referred to the Cretaceous, and other beds found 
exposed were left unclassified. It is now possible, however, to 
extend the formation so as to cover a large pOltion of the dis-
trict, southward as well as eastward, into Page and Adams 
counties respectively. The existence of these sandstones in 
Montgomery county west of the East Nishnabotna can not be 
affirmed with certainty. as no exposures of the measures appear 
within these limits. Just over the line in the northeastern 
corner of Mills county there are outcrops, and within Mont-
gomery the recmds of drillings indicate the existence of the 
Cretaceous mrel' the coal measures in the uplands both west and 
east of the Nishnabotna. In brief, the Cretaceous may be said 
to lie immediately beneath the glacial covering over almost the 
entire highlands of the area. It would in only a few instances 
extend to and make up the bed rock of some of the larger 
streams, as these bave almost invariably cut through the soft 
sandstone down into the harder upper Carboniferous strata. 
KISHNABOTNA SANDSTO~'"E. 
(DAKOTA?) 
};:r/ent._rro certain arenaceous deposits in southwestern 
Iowa White gave the name Nishnabotna sandstone. This 
sandstone is best developed along or near the East Nishnabotna 
river. These arenaceous beds were the only deposits of the 
region that were recognized as Cretaceous. 
Cretaceous outliers have also been found in other counties 
to the nOlth and nodheast. These are doubtless of the same 
age as those in Montgomery county and were probably at Olle 
time connected not only with one another, but also with the 
beds along the Nishnabotna river. The Mills and Pottawat-
lamie outliers are therefore but areas isolated from the general 
deposit through el·osion . 
• Gcol. of IQlTa, Yo!_ I,ll. a61. 18i11. 
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In addition to the friable sandstones in Montgomery county 
there are beds of an entirely different character which are now 
classed as Cretaceous. There appears at the top of the forma-
tion a pudding-stone conglomerate which is prominent, but less 
persistent than the nearly homogeneous sa.ndrock. The mica-
ceous and the clean clay shales, so well exposed at Red Oak, are 
evidently Cretaceous in age. 
White took the deposit of brown massive sandstone south-
east of Lewis, Cass county, as the rock presenting the typical 
features of the Nishnabotn<L B<tUustolle. 'Vhile no doubt a part 
of the forma~ion, in lithological character, it is very unlike the 
formation at other points, being darker in color and more 
thoroughly indurated. False-bedding prominent in the beds 
elsewhere is not a feature of tho Lowis rock . 
. Age.-The conclusion that these sandstones aro of Cretaceous 
age \S supported by Meek's discovery of leaves and imprints in 
the rock at Hed Oak*, and by tho finding of similar impressions 
in the development of the quanies at Lewis. 
A comparison of the lithology of the Lewis stone with 
that of the formation at Ellsworth county, Kansas, reveals the 
facts that the rocks in the two states are very nearly related if 
not of the same horizon. 1'he Kansas locality furnishes 
numel'OllS fossil leaves and many are of the same species as 
those present in the beds of southwestern Iowa. The Kansas 
rocks have been provjsionally referred to the Dakota forma-
tion. 
In Iowa the formation hitherto recognized as Dakota is 
exposed mainly in the vicinity of Sioux City. It consists of 
hard impure sandstone interbedded with irregular aml usually 
heavy bands of argillaceous shales. Some of the sandstone 
layers are divided into shapeless ferruginous masses and these 
commonly contaill plant remains. Lower in tho measures 
more 'fri~ble and shaly layers also contain poorly p1'8serred 
specimens of lea ves. 
The shales at Red Oak, to which reference will subsequently be 
made, may be taken as theonlyknownextensive deposit ofCrB-
taceous clays within this section of Iowa. Calvint has explained 
'lAm. Jour. ScI., (2), vol. XT.lV. p.U9. 1867. 
tIowa Gool. Surv., J, First Aun. Rep., pp. IIi-UP. ISIl. 
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how the several divisions of the Cretaceous in Woodbury and 
Plymouth counties became deposited in a. manner contempo-
raneously, and carrying out this tlleol'Y Keyes in 1'6viewing 
the geological formations of Iowa, says: uIf the Nisbnabotna 
is Cretaceous it may be the equivalent either of the Wood-
bury shales (Benton and Dakota) or of the Niobrara chalk." 
Lithologically the Nishnabotna is entirely unlike the Niobrara 
nor does it resemble the nearest known Bellton. Its affinities, 
lithologically,are wit·h the Dakota. Likethe Dakota itisa mar-
ginal deposit and may have been laid down along the shore 
while either the Benton or the Niobrara were accumulating in 
the deeper parts of the Cretaceous sea. 
The Cretaceous outliers are neither more persistent nor 
more extensive along the East Nishnabotna than along the sev-
eral forks of the Raccoon. Since, however, the name Nishna-
botna sandstone has already been applied, it does not seem 
advisable to change it until the correlation above suggested is 
verified, or until definite specific relations can be fixed. 
The general character of the Cretaceons formation is dis-
played in figure 53, which was taken at the blnff just east of 
Coburg, at the south line of the county. The general cross-
bedded character is presented and over the softer fine grained 
and pebbly sandstones the hard ferruginous pudding-stone 
stands out in some relief. 
Sherman T01Dllslu'p.~About half way between Elliott and 
Stennett, perhaps one hundred yards e .. t of the Red Oak-Gris-
wold branch of the Chicago, Burlington & Quincy railroad, lies 
one of the most northern exposures of Cretaceous in Mont-
gomery county. This is the abandoned Crandall quarry. In 
taking out the limestone it was necessary to remove a small 
amount of stripping, and in doing so several feet of weathered 
sandstone, doubtless Cretaceous, were exposed. This expOSUl'e 
was perhaps thirty feet above the river to the east. The prill-
·cipal outcrop, however, in this neighborhood is in the central 
portion of section 26 about one and one-half miles south of 
the Crandall qllil-lTy. The fonowing section is shown. 
Flgurc50. UPIIor Carba,II1f'r-
0\15 and Cretacoous atSUln-
nett. 
TYPIQAI, SECTlONS. 4,15 
5. DrilL _________________________ 5 
,l. Sanustone _____________________ 20 
3. Sllulc, bituminous. coaly bolow 3 
2. Limcstone, impure, CftrtllY ____ 2 
1. Limestone, haNL _____________ _ 
N umber 4, of this section is of Cretaceous age. It is a soft, 
slightly coherent sandstone, orange to white in color. N um-
bers 1, 2 and 3 belong to the UPIJer coal measures. Number 1 
is partly exposed, extending beneath the surface of the water. 
Not more than fifty feet or so up Pilot branch the Cretaceous 
sandstone is thirty feet thick extending even below the level of 
the water. The Carboniferous beds do Dot here appear, indi-
·cating the deposition of the sandro'ck at this point in an eroded 
·channel or in a depression in the coal measures. 'l'he sand-
stone is found outcropping along Pilot brancb, perhaps a third 
of a mile. Beyond that point it is concealed by debris. 
Near the top of the ridge, about one mile southeastward 
from the branch outcrop is located the Miller well, 223 feet 
deep. After passing through 117 feet of loess and boulder clay, 
Cretaceous sandstone was penetrated and found to extend to 
the bottom of the drilling. Between the point where the well 
is situated and the southern boundary of the township, beds 
of Cl'etaceous from five to forty feet thick appear. They consist 
of sands parUy indurated, and in these are found lenticular 
pockets of very pure light grey or drab clays. They are especi~lly 
noticeable a few feet above the stream near by. 'file pockets 
vaTY from two to ten inches in perpendicular diameteT and are 
-commonly less than eighteen inches in horizontal extent. Con-
tact between the sandstone and the underlying coal measures is 
.shown only at the point just mentioned. 
;,;", . 
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Near the southwest corner of section 13 of Sherman town-
ship, at the Powell spring, there is a bed of soft, light~colored 
sandstone exposed for a thickness of fifteen feet. The top of 
the sandstone is doubtless a considerable distance above but is 
concealed by drilt debris. 
Red Oak Toumsllip.-Sandstone such as noted in the southern 
potrion of Sherman township can be tracedsouthwardintosection 
2, Ne. qr., E.~. At this point the height of the blnff is perhaps 
forty feet. White describes' a hed of clay at the bMe of tho 
sandstone which likewise is probably Cretaceous, but at present 
this material is not uncovered. 
At Red Oak and in its immediate vicinity the development 
of Cretaceous beds is quite extensive and the variety exhibited 
here is greater than at any other point. Towards the summit 
of the hills within the town the deposits, as shown in street 
grades, consist almost exclusively of bright yellow clays, very 
arenaceous. In the cut along the Chicago, Burlington & Quincy 
railroad in the southeastern portion of the town there are ten 
feet of rather fiue light greyish to chrome yellow in color, par~ 
tially indurated sandstone. -Just above this on the slope, for a 
height of nearly one hundred feeb. the setme soft, sandrock was 
found; but at.this point it contains numerous clay shale pockets 
of varying dimensions. These have beeri excavated ana the 
clay utilized in the manufacture of pottery. On the lower side 
of the railroad, beds of argillaceuus shale with a total"thickness 
of from three to eight feet are displayed. Sandstone is inter~ 
stratified in the upper portion, while under the clay there is a 
more thoroughly indurated sand deposit. 
Further eastward along the railroad in the southwest corner 
of section 27 there are incoherent Cretaceous mnds associated 
with which are one or two layers of pebbles. The figure here 
given represents the several kinds of materials found here and 
at the oIay bauk of the Cook brick works situated just beyond 
the track to tho north. 
Sandstone predominates in the section given, and ·at "sand 
spring" in the northern edge of section 33 an eighteen foot 
deposit of light colored cross·bedded sandstone is shown. 
'Flrst and Second Ann. Rep. of State Geologist, p. GI. iSiS. 
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Along the roadside to the west large blocks of the dark stone 
often covering the Cretaceous in this county, occur well towards 
the top of the hill. 
Figuro51. Yertk"l section tl,ron,'l'h 
tho Cretaceonsat Ued Oak. 
PEET. 
13. Loess ...••••. _ ........ "0' •• 1 
12. Dl'ilt. ___ .. _. ___ ..•.. __ .. _ •.. 1 
11. Shale, brown, imllllre _. __ ._. 2 
10. Shale, J?rey to yellow •..•• __ . 
D. Sandstone,ycliow; with limon-
8. sh;ie~ W~h~5g'1"e'~:;cie;~'~===: ~t 
7. Sandstone, with limonite 
layers .• _ .••. _ .•. _ •••. __ . 3! 
o. Sandsto~e, ill pm·t shaly.-_. __ 4 
5. Sandstone, dark brown ._~___ 8 
4. Sandstone, soft helow, streaks 
01 limonite disseminated_ 
~3. Sam1stone, ,ariegated, con-= cretionsof sand~' limonite 
=:! and pockets of elay shale. 12 
2. Sandstone, with pebhles in 
lower part ._ .. _. ___ ._ ••.. n 
1. San:~~o~:~t~~~:~~~_.i.~.~~~~~ () 
Another·outcropis seen at the mill (sec. 32, Sw. qr., Ne. 1) 
wh'erethe Cretaceous extends to low water mark and rests uncon-
formably on hard coal measure strata. The Cretaceous beds 
beginning ,vith the lowest, are as follows: (1.) Eight feet oi 
very micaceous, sandy, vari-colored shale; (2.) Micaceous, sandy 
shale with hard sandstone bands, thickness five feet; (3.) Six 
feet of impure, shaly, micaceous material more or less argilla. 
ceo us; (4.) Se\'enteen feet of shaly clay, val'i-colored, rather pore. 
30GRep 
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Higher the measures are concealed by a few feet of driftaboV8 
which is loess partly exposed for some distance up the slope. 
Grallt TOIVllsltip.-About half a mile east of the Red Oak and 
the Nebraska City branch of the Chicago, Burlington & Quincy 
railroad (Tp. 71 N., R. XXXVIll W., sec. 17, Nw. qr., E.!) Cre-
taceous rocks are indicated by the contrast in tppography. 
From this locality southward to the extreme southern boundary 
of Grant township the low land of the flood plain of the East 
Nishnabotna ends absolutely, and rather steep I:!lopes, made up 
of Cretaceous beds, stand out prominently. 'llhe shallow ravines, 
elsewhere unimportant and few in number, are here -sharper in 
cross-section and occur at frequent intervals. At the most 
northern point of this series of exposures the vertical extent 
diBplayed is about sixty feet. There is a deposit of fine bull' to 
Flgureli2. Cretaceous satldstono capped by pudding-stone. 
white and yellow sandstone, quite {liable, thirty feet thick. 
Over this are twenty feet of a rather coarse and darker stone of 
similar character, but interbedded with it are thin bands of 
sand cemented by siliceous limonite. The upper division of the 
exposure consists of alternating layers of coarse sand and 
siliceous pebbles imlJedded~ in a limonite or a siliceous clay 
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matrix. The upper half is almost exclusively pebbles. The 
limit of the beds here is not disclosed, but the hill, .tt the foot 
of which the exposure stands out, rises perhaps sixty feet higher 
than the top of the outcrop itself, and it seems quite probable 
that the total thickness of tho Cretaceous is almost one hundred 
feet. Deposits similar to the one just described are recognized 
southwal'd for a distance of about three miles. rJ.1he elevation 
of the outcrops Tanges from thirty to fifty feet above the valley. 
The hard pudding·stonA which constitutes the topmost division, 
is disclosed, but the softer sandstone below is covered with 
washed materials. 
Fl~ure ;;:1. Typical exposure of the Crcot""eDu5;·:C'obnrg, )IOl1tgomf'ry county. 
At Coburg, about 300 yards east of the track the combined 
section is as follows: 
FEET. 
Ii. LOCS3 ........... ............................. r •••• 12 
4. Conglomcrato or pullding-stone il'iUI hurd limonite 
aud days as lllatrix; thickness variablc ._ ... _-- •.•• 
a. Gravcl and sand in alternate cross-bcddcd layers ___ 
2. (;I"ll\"el and sand-very coarse ______ ..... _ ...... __ ~. 2 
1_ Sand anll gl'll\-cl; light colored; variably cros5-bcddcll 18 
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The bluff here is pictured iu the accompanying figure 53, the 
pudding-stonB standing out in some relief in the upper portion. 
Carboniferous limestone has been quarried about it quarter 
of a mile south of Coburg at an elevation of perhaps ten feet 
above the base of the section shown. About half way between 
this exposure and the location of that in section 17, a bed of 
very plastic red and grey shale clay, with a total exposed thick-
ness of eight feet was developed, at the milroad grade. This 
bed corresponds with one along the track further north (sec. 32, 
S\ .... qr., Se.!) where there are nearly ten feet of red to brown 
more or less impure clays. The base of these clays is certainly 
not more than ten feet above the coal measure limestone 
which is exposed neal' the river at this point. 
These Cretaceous clays constitute the impervious -layer 
which dotermines the line of springs at the base of the sand· 
stone. It seems, therefore, probable that while being decidedly 
variable, ranging in character from hard silicD-micaceous 
shale to homogeneous, comparat.ively pU1'e clay, that these 
shales are more widely distributed than has been supposed, and 
constitute the base of the Cretaceous throughout a large area 
of Montgomery county. Deing heavily covered with drift their 
presence is rarely disclosed. 
Exposures in this township remote from the East Nishna-
botlla are encountered at a number of points. In the north-
eastern quarter of section 20, along a fork of Ramp creek and a 
small branch entering this stream from the east, the outcrops 
consist of incoherent sands and fine gravels forming an extreme 
thickness of twelve feet. Along the south boundary line of the 
connty, in the southeastern quarter of section 33, there appears 
a bed of massive light colored sandstone, twenty feet thick, 
which forms the bank of another fork of Ramp creek. On the 
hill to the north a well was sunk and this same rock was met 
at a depth of forty feet. This is· at an elevation considerably 
above the top of the bank at tho creek. Across in Page county 
there are outcrops on the slope several feet above the stream. 
With one exception* the rocks here along the Page-Mont-
gomery line represent the most southern known exposure of 
~cad. [}f ScI., vol. 1, Part-h'" pp. 33-13. IB94. 
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Cretaceous strata in Iowa. 'White placed the limit 'at Red Oak, 
but furt.her investigation has resulted in finding the ferruginous 
pudding-stone, which in most instances marks the presence of 
the Cretaceous, south of Red Oak along the county road about 
one mile east of Essex. 
lVashillgioll 'I'o/fl1shij).-The only definitely recognized Cre-
taceous within this township lies neal' the center of section 21, 
jnst southward of the 'Vest Nodaway, perhaps thirty feet above 
low water. It consist~" of soft sand deposits with a vertical 
exposure of only seven feet. In color it is yellow to dark 
brown. Loose fragments of very dark siliceous limonite, such 
as overlies the measures elsewhere in the county are not uncom-
mon. , 
Above the branch in section 27, Sw. qr'J Sw. i. there is 
shown a few feet of yellowish clay which is very plastic and 
contains but yery little impurity, This clay is in all proba-
bility of Cretaceous age. 
Across the county line in Adams county limited eX!JQSIU'es 
of Cretaceous are exhibited along the roadside between sections 
19 and 20 also 16 a·nd 17 in towllship 72, range XXXV. In these 
localities the measures aTe l'ecogllized by the slabs of hard, 
brown, iron-stained sandstone and lighter shades of tho softer 
rock of unknown thickness. 'l'he uplands between the "'Test 
and Middle Nodaway in at l@st'northeastern Montgomery 
county and northwestern Adams are for the most part under-
lain by the Cretaceous rocks. Heretofore they were not recog-
nized south of the small ontliers in the sOIIth·central portion of 
Cass county, 
Between the exposures mentioned in the yicinity of the. 
East -Nishnabotna in the western half of Montgomery county, 
and those between the two Nodaways in the extreme western 
section, the actual existence of rocks of the same age is not 
commonly shown by natural exposures. rrhere is ODe excep-
tion. It is located about eighteen feet above a small stream ill 
Tp. 73 N., R. XXXVI W., sec. 2U, SlY. qr., Ne.±- Here greyaud 
red saudy clay and saud with disseminated siliceous limonite 
fragments, are displayed in an imperfect outcrop, However, in 
tho Rosacrantz prospect hole already mentione'd, beds of 
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Cretaceous sandstone were penetrated, and combining this fact 
with the conditions on all sides it is safe to a,sed that the dis-
trict between the Nodaways is underlain by a considerable 
thickness of Cretaceous. Aboye it i3 the rather heavy covering 
of driH; below it is the upper Carboniferous. 
LlTHOLOGICAL FEATURES. 
Reviewiug the descriptions just detailed it will be seen that 
the general character of the deposits varies greatly at different 
stratigraphic levels. Even at the same level the characteristics 
are not persistent for any great horizontal distance. 
Arenaceolls Deposits.-The only rock at all similar to the 
brown stoue which has been quarried neal' Lewis, occurs as a 
covering from one to fourteen inches thick over the light-
colored more friable sandstones. This mantle, however, is 
harder and more ferruginous than the quarry stone at Lewis . 
. In some instances it changes gradually into the lower stone, 
but ordinarily the thin covering weathers free. For the most 
part the Cretaceous of Montgomery is an arenaceous formation. 
Near Red Oak and at Coburg the sand beds are heterogeneous, 
certain layers being more or less pebbly. Here current bed-
ding is a prominent feature. At the "sand spring" just south 
of Red Oak, the twelve foot exposure bears near its central por-
tion a layer two feet thick which is decidedly cross-bedded, 
while above aud below, the lines of deposition are nearly hori-
izontal. Towards Stennett the measures are much like the 
arenaceous deposits in the vicinity of Red Oak except that at 
Stennett the color is bright yellow to orange. 
. Conglomerate .llfaieriul,s.-From Red Oak southward to 
Coburg the most noticeable stone of Cretaceous age is the pud-
ding-stone. Non-siliceous limonite is the cementing material. 
This conglomerate usually OCClU'S in ledges from two to fifteen 
inches thick, and mayor may not be false-bedded. At Coburg, 
also in the northwest quarter of section 17, two miles north-
wal'd, this stone exhibits very marked cross-bedding, and under 
it lies the soft sandstone itself even more irregnlarly stratified. 
Shale Err/s.-The micaceous sandy shales which occur with 
very considerable thickness at the Keystone mill below the 
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county seat, are the only beds of such chamcler yet recognized 
south of the principal Iowa Cretaceous at and near Sioux City. 
For a number of years the argil1aceous seams at Red Oak 
have been utilized in the manufacture of clay products. In char-
acter these shales vary somewhat from the smooth, homogen-
eous, very plastic-not gummy, to the more siliceous beds 
locally known as fire clay. In this latter case the siliceous 
material is not commonly disseminated throughout the strati-
fied clay beds, but appears as partings separating the nearly 
pure argillaceous bands. The silica occurs as microscopic 
grains. The pure clay is by no means gritless, but in the pro-
duction of common pottery the silica is in such minute grains 
as not to be injurious. Other imperfectly exposed Cretaceous 
clays occur at two or three points along the track north of 
Coburg. They do not possess the shaly character of the ned 
Oak clays nor are they so free from ferruginous and arenace-
ous matter. 
Lenticular masses of clays such as occur in the clay bank at 
Red Oak, are fonnd in smaHer bodies disseminated throngh the 
soft sands in the banks of the stream in the northern edge of 
the town and in the southern part of Sherman township. 
FLORA. 
Remains of plants are veryabtindant in different beds of the 
Dakota at Sioux City and Sargent B1ufl'. Where best pre-
served the leaves lie in a dark red to brown fen-uginous sand-
stone. Leaves have also been observed in the brown stone at 
Le~is. Reference has already been made to Meek's discovery 
of specimens of exogenous leaves in the sandstone at Red Oak. 
The beds in which these were discovered have not been worked 
for any purpose and no other record of the presence of vegeta-
ble remains has been made. The identity of the Cretaceous 
flora of Montgomery and Cass counties, with that of uOl'thwest-
ern Iowa, and of Ellsworth county, Kansas, has already been 
suggested. From the very nature of the Dakota sandstone the 
complete preservation of delicate foliage could scarcely be 
expected. 
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FAUNA. 
The Cretaceous formation of Montgomery county is marked 
by extravagant current-bedding characteristic of marginal 
deposits. Anillall'emains, if they occur at all, are likely to be 
found only in the finer argillaceous beds, but an examination of ' 
these beds at Red Oak has not "esulted in the finding of any 
animal fossils whatever. In the pudding-stone formation near 
Coburg occasional fragments of cmoal, and now and then some 
other imperfect fossil s})ecies have been discovered. These, 
however, have no significance, since they were derived from the 
same source as the a.ssociated pebbles and have no relation to 
Cretaceous faunas. 
TOTAL THICl":NESS. 
At the Milnerwell (Tp. 73 N., R. XXXVIII W.,sec. 35, Ne.qr., 
So. :H the Cretaceous was reached at 118 reet and extended to 
223 feet beneath the surface. At that depth the measures were 
not completely passed through. Estimating tho surface of the 
ground to be about two hundred feet above the bed of Pilot 
branch a short distance northward, it is evident that the coal 
measures would be reached but a few feet lower; making the 
vertical extent of the Cretaceous here about 115 feet. 
Near ned Oak the total thickness is perhaps as great, hut the 
beds are composed of different materials; sandstones, clays and 
micaceous sandy shales. Faither southward the contact of the 
Cretaceous wit}} the underlying strata is not shown, but near 
Coburg and two miles northward the actually connected 
exposures are from thirty to sixty feet high. Beyond the top of 
the outcrops the hill rises to a considerable height. The extreme 
thickness at any selecled locality may be placed at 125 feet and 
the tolal thickness of the measures within the county between 
150 and 175 feet. 
PLEISTOCENE. 
The unconsolidated surface materials in Montgomery county 
are composed of the following: 1. Glacial deposits. 2. Loess. 
3. Alluvium. These may all be included under Pleistocene. 
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LOWER TILL. 
The true glacial deposits of the county are referred to the 
lower till. Although decidedly variable in character, this 
formation may be separated into two general divisions, blue 
boulder clay and yellow boulder clay. ~ehe former lies UDCOU-
fOl'mably upon the stmtified beds of the Cretaceous or up}Jer 
Carboniferous and is not comlllonly eXlJOsed. It consist.s ill the 
main1 of a bluish grey clay. rrhe upper part is a tough l}lastic 
variety, not very sandy yet bearing a percent.age of both fine 
and coarse siliceous matter. It carries calcareous particles and 
concretions which vary in size from minute specks to irregular 
masses two or three inches across. r1'he lower or morc truly 
blue clay is homogeneous, and being siliceous lacks much of the 
plasticity common to that clay above it. Impurities such as 
lime are less abundant in the true blue clay. Exposures of this 
lowel"driftarebyno means numerous. Occasionally, in excava-
tions and in newly washed banks, a few feet of it are shown. 
The base.of the lower till is made up of quicksaudand fine gravels 
commonly free from argillaceous matter. 
In the sinking or driving of shallow or surface wells, this 
purer clay is passed through and the underlying sand and gravel 
serve as the water-bearing strata. Water-worn boulders are 
distributed to some extent throughout tbe upper part of the 
blue till. . 
The common yellow drift clay overlies the blue division. It 
consists of a clay, yellow to green and brown in color, in which 
concretions of lime, pebbles and small boulders of siliceous 
rocks are freely disseminated. The texture of the yellow 
boulder clay is not unlike that of the lower blue clay except for 
tbe presence of pebbles and boulders. Tbe boulders are mostly 
granites of varied hues. Schists, quartzite, diabase and other 
varieties oJ rock are not of uncommon occurrence. 
Where but thinly eovered the upper portion of the till has 
been modified by percolating waters until 110W the calcareous 
concretions have been dissolved and a partial or total disinte-
gration of the contained granitic rocks has taken place. These 
altered deposits, besides being freed of much of their impurities 
--:.( 
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become thinner and distinctly jointed, which latter structure is 
more evident as the clay becomes completely dried. 
In addition to the regular yellow boulder clay there are in 
the till limited deposits of coarse sand, in part argillaceous and 
completely iron-stained. Surface boulders are by no means-
common. There are a few points, howe\Ter, especially in the 
northwestern portion of the county, where the surface shows 
pebbles and small boulders. Again, at intervals along the 
principal drainage courses boulders several feet across arB seeD. 
These have fallen from corraded banks. In character these 
rocks are not unlike those contained in the regular boulder 
clays. . 
The total vertical extent of the drift is not brought out 
except in deep borings, and from these the variation in thick-
ness is found to be considerable. In the southwestern part of 
Douglas township the depth to the Carboniferous rocks, as 
shown in the Rosacrant.. and McCracken deep drillings 
amounted respectively to ninety and one hundred feet. This 
latter thickness was entirely of Pleistocene and only the upper 
twenty feet of the Rosacrant. was of the unconsolidated beds. 
In the Davis well (Tp. 72 N., R. XXXIX W., sec. 8, Sw. qr., SW. 
II about three miles and a quarter northwest of Hawthorne, no 
stratified beds have been reached at 120 feet from the surface, 
and here all except the upper twenty feet consiat of yellow and 
blue boulder clay, in part gravelly. It may be that in the high-
est points in Lincoln township the thickness of the drift mantle 
will prove to be in some cases more than 160 feet. In the edge 
of Cass county the boring of several wells proved the depth to 
the bottom of the till to range between 80 and 110 feet, with 
overlying loess usually not more than 15 feet. 
In the central and southern tiers of townships the drift 
mantle has a thickness of from twenty to sixty feet. Where 
the coal measures occupy an unusally high position the cover-
ing is mainly of loess and is not more than ten feet thick. On 
the other hand a few localities in this portion of the county 
show drift extending to the surface. The irregular and 
unequal erosion of both the Carboniferous and Cretaceous beds 
has in turn left a corresponding roughness in the under surface 
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of the drift. This, together with the varying thicknesses due 
to its own irregula.r deposition has msulted in the variation in 
the thickness of the till which is 110W so noticeable. 
For the greater part the entire upland of the county is 
covered with loess. 'rhe westerll boundary of Montgomery 
is approximately twenty-five miles east of the Missouri river, 
along which bluffs and knobs composed neal'ly entil'ely of loess 
rise to heights from 100 to 200 feet above the water level. 
However, this formation so heavy here, attennates very rapidly 
eastward so that over !Iontgomel'Y county its extreme thick-
ness is perhaps thirty-five feet and its average scarcely more 
than four or five feet. Over limited areas there is a marked 
absence of true loess. In other rather broad stretches it is 
altered,to such a degree that it is impossible definitely to place 
the line of contact with the under till. In character the forma-
tion is variable. The heavier deposits have lost some of the feat-
ures which characterize typical loess. The color is nearly similar, 
but its texture has been so altered that instead of the massive, 
porous variety there is commonly a jointed more plastic clay. 
The homogeneity of any particular division is retained. 
Throughout the great loess bed of western Iowa and elsewhere 
hard lime concretions,' known as .loess-kindchenJ are dissemi-
nated in patches at irregular intervals. If such ever existed 
in the deposit in Montgom81'y county they have been dissolved 
ont by percolating waters. Loess shells, so abundant in the 
heavy beds, are not known to be present in Uontgomery 
connty. 
Valleys with widths varying from a few yards to nearly two 
miles border the East Nishnabotna, the West and Middle Noda-
way rivers, and the Middle Tarkio and Walnut creeks. These 
constitute the flood plain area of the county. Tho larger 
streams flow in the wider valleys. A distinction between 
the first and second bottoms has already been made. The 
former is more properly an alluvial deposit. Superficially it 
consists of a grey to black silty material which grades downward 
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into a mixture of siliceous clay and sands. The so·called sec-
ond bottom extends from the most recent 1Iood plains to the 
base of the hills. 'fhe upper fifteen inches are perceptibly col-
ored by decayed vegetable matter. 
The make-up of the lower portion or the second bottom is 
disclosed in dug wells aud aloug the streams. Its constitution 
is not constant. Evidently the materials originated in palt 
from the Cretaceous measures, severed and redeposited without 
any great breaking up of the mass and in part from a redeposi-
tion of the till and loess which has washed from the slopes. 
The thickness of the alluvial deposits varies somewhat with 
the irregularities in the surface upon which the washed mater-
ials were laid down. The upper surface is usually nearly 
smooth with slope sufficient for ample drainage. Next to 
some of the smaller water courses the alluvial fields are in dis-
connected patches first on OIle side then on the other side of 
the channel. 
ECONOMIC PRODUCTS. 
BUILDING STONES. 
Notwithstanding the fact that exposures of hard rock in 
Montgomery county are quite rare and confined to certain 
comparatively limited fields, rock suitable for ordInary masonry 
is abundant. ffhe quaU'y industry is one of DO mean import-
ance. The Upper Carboniferous, the Cretaceous and the 
Pleistocene are productive of rock for building purposes .. In 
order of imlJOrtance these beds are as follows: limestone, 
sandstone, conglomerate or pUdding-stone and glacial boulders. 
LtlmSTONE. 
Quarrying in the rocks 01 the Upper Cal'bonilerous has been 
prosecuted here for more than a quarter of a century. 1'he 
first work was done just llOlth of what is now the town of 
Stennett. Since then other quarries haye been opened in this 
viciuity on the west as well as on the east side of the Nishna-
botna and the total amount of stone takeu out and utilized has 
been great. The limestone occurs in ledges from a few inches 
"to more than three feet thick. As a rule it is durable and 
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readily adapted to use in massive masonry and for all com-
mon purposes. Many of the beds are susceptible of a fine 
finish. 
The W. Stennett quarry lies at the point of the hill uear 
the Red Oak and Griswold line of the Chicago, BUl'lington & 
Quincy railroad, just above the mouth of Pilot branch. Layers 
nearly on a level with the waters of the East Nishuabotna, 
west of the track, have been developed. 
The section on page 392 shows the workable and \yorthless 
beds, as well as the amount of stripping. At present this strip-
ping would include all material above number S of the section, 
but as the work is pushed farther into the hill ledges of lime-
stone now thoroughly weathered will become solid and of 
value. At the same time the thickness of the refuse material 
increases. The breadth of the quarry is not more than forty 
feet. A single derrick has been in use. 
The C. B. & Q. Ry. quarry lies at the opposite side of Pilot 
branch and shows the same ledg~s of stone as those worked at 
the Stennett quarry. This quany has not beeu worked for 
three or foul' years. Stone has been quarried at Crandall, about 
a mile and a half north of Stennett, and quarrying has also 
been done at a point the same distance south of the station. 
The upper ledges shown at the Stennett quarries were devel-
oped in both cases. 
The Fate quarry is an old quarry situated on the west side of 
the riYer in the northeast corner of the southeast quarter of 
section 22, Sherman township. The face is noarly 100 feet in 
length. Until recently the full secLion as described on page BUt 
was opened and the numerous ledges utilized for various pur~ 
poses. At the present time the three ledges shown are the 
only ones worked. The uppermost undivided ledge is twenty 
inches thick. It is finely sub-crystalline and slightly fossilifer-
ous. The other two are also heavy ledges, the upper one being 
fourteen and the lower twenty-four inches thick. The strip-
ping here, including the shale and impure rock between the 
beds, amounts to more than ten feet. The stone is all used for 
dimension work and takes a ready finish. One derrick is used 
in loading the stone. 
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The Rosebury quarry is on the south side of a small stream 
(Tp. 73 N., R. XXXVIII W., sec. 21, Se. qr., Se.!) and has a 
lineal face of about 120 feet. Tha following is tha section: 
FEET. INCHES. O. Soil, loess and uriC~ ______ . ___ . ___ .________ 1 8 
8. Limestone, 5Ub-cl'jocStllllillC, brittle; good dimension stone .'. ___ . ___ • __ .. '. ______ _ 
7. Shale, buJI t(]grey _______ _ 
O. Limestone, soft, flinty in 11lJper three-fourths _.'. _____ .'. ____________________ _ 
5. Limestone, sub-crystalliJle; IOUlIIlt!.tioLl aud 
dimension stone.________________________ 7 
4. Limestone bearing many specimens of 
Fusulinre and much cherL. ____________ _ 
3. Limestone with Fusulinru 8mI some calcite 
cavities._____ 20 
2. Limestone, yellow, eart,hy; crowded with 
l!'usulin:.e _ __. ___ . __ .. __ ._.' .• _ 
1. Limestone, abounding in FusuJinre and 
dark flint-______________________________ 2 
The Ladd quarry is in tbe bluff west of the river (Tp. 73 N., 
R. XXXVIII W., sec. 27, Ne. qr., Sw. i). Work iu this quarry 
has not been carried on since the season of 1892. The sequence 
of strata which includes the quarried ledges is here given: 
FEET. 
6. Decomposed limestone and clays__________ 6 
5. Limestone, abounding in Fusulime________ 1 10 
,I. Limestone, same as No.5, but also Hinty___ 10 
3. Limestone, earthy; decomposed in part____ 3 6 
2. Limestone, blue; sub-crystallinej dimen-sion rock __________________ . ____________ _ 
1. Limestone, light groy, many Fusulinre and 
light grey flint (exposed)________________ 1 
The H. Rush quarry is also on the west side of the river (Tp. 
73 N., R XXXVIII W., sec. 27, Ne. qr., Na.;\:) a shor~ distanca 
northward from the Ladd quarry. Hera several ledges wera 
worked, the greater numbar of which can be found in Fate 
quarry. The beds presented are: 
FEET_ INCHES. 6_ Soil and loess. __________ ',- ______________ 6 
5. Limestone, hard, sub-crystalline; dimension 
stone __________________________________ _ 
4. Shale, argillaceous, bulf to ~recnish _____ _ 
3. Limestone, impure ocherous ______________ _ 
2. Limestone, semi-crystalline, light colored; 
dimension st-onc_________________________ 1 
1. Limestone, hard, light color; dimension stone _______________________ _ 
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Tbe S. Stennett quarry is one recently opened on the east 
slope of tbe hill (Tp. 73 N., R. XXXVIII W., sec. 22, Se. qr., Se. 
il perhaps thilty feet above tbe river. Thns far only the tbree 
principal ledges of the Fate quarry, as now worked, have been 
developed. A considerable quantity of stone has been removed 
from the same ledges in other small qual'l'ies in sections 22 
and 27. 
The new Clark quarry is situated about a mile west of tbe 
East Nishnabotna (Tp. 73 N., R. XXXVIII W., sec. 33, Se. qr., 
Nw.ll. The face of this quarry as now developed is about 150 
feet long. The following shows the sequence of strata: 
11. Soil Rnd geest with weathered limestone 
slabs and llinL _________________ .________ -1 
to. Limestone, much blackllint present. _____ _ 
9. Limestone, abounding in part with Fusul-
inw_____________________________________ 1 
8. Limestone, two ledges with Fusulinw and 
light colored chert______________________ 1 
1. Limestone, earthy and fossiliferous. ______ . 
6. Limestone, harrl, grey; dimension stono __ __ 
ii. Limestone, flinty _________________________ __ 
2. Limestone, buff colored; of more 01' les;; 
earthy texture. _________________________ _ 
a. Limestone, buff to ligh ~ brown, somewhat 
shaly _______ • _______ • ______ ,. __________ .. 
2. Shale ________________________ .--------------
1. Limestone, hard, greyish, with dU('k Ilint; 
Fusulinm throughout ledge _____________ __ 
The abandoned Clark quarry lies about a quarter of a mile 
northward. 11he dip, if any, is imperceptible. 
The McCalla quarry (Tp. 73 N., R. XXXVIII W., sec. 33, Sw. 
qr., Sa. il lies about a quarter of a mile soutbwest of the new 
Clark quarry. It is crescent shaped, quarrying being done on 
either side of a shallow ravine. The thickness of the waste 
material is not great, and several ledges of stone are available; 
as shown in the accompanying section: 
PEET. INCHES. 
13. Soil __________________ ~_._. ______ .. _____ • __ ~ 1 
12. Limestone, decomposed, Fusulinm bearing.. 1 
11. Clay, for the most pat·t residuaL __________ __ 
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FEET. L~CHES. 
10, Limestone, hard, light to dark grey •. _.____ 7 
9. Limestone, lrith black nlnt, hurd in central 
parl; mnny Fusulinro present throughout. 
S. Limestone, huff to brown in color, l<'usulinro 
irl'l'cgularly distributed._________________ 1 
7. Limestone, light, twch-o-inch ledges; 
{weatheredl ____ '. ____ •. _______ . __ .• __ • __ .' 1 
6. UnCXIJOsed, probably similar to number 9.__ 4, 
5. Limestone, thin layers, shaly partings ____ _ 
.,1, Limestone, bard, greyish brown; concre-
tions of dark flint disseminated in centl'8.1 
portion _________________________ . ___ .____ 1 
3. Limestone, carthy ______________________ • __ 
2. Shuly parting ______ . ______________________ _ 
1. Limestone, buff, cartby ____________ ._______ 1 
Further development will doubtless result in bringing to 
light workable ledges in numbers 5 and 6. The divisions are 
now badly weathered. 
The Silket quarry is on Walnut creek in Tp. 72 N., R. 
XXXIX W., sec. 1, Ne. qr., N. Ii. At this point the most 
imporbmt beds lie in the bed of tl16 creek. The combined sec-
tion is: 
FEET. I~CHES. 
6. Soil and residual material. ________________ • 
5. Shale, buff to grey ___ ~ ____________________ _ 
4. Limestone (decomposed) and shales __ • ___ • __ 
3. Limestones, fliJlt-beariJlg. __ ~. ______ ~.~ ____ _ 
2. Limestone, hard, greyish, in two ledges; 
dimension stono, very fossiliferous________ 1 
1. Limestone, "blue layer," dimension stone__ 1 
A short distance from this opening on the low slope on the 
east side of Walnut creek several ledges of limestone have 
been worked. 
The next quarry along Walnut Creek is at Climax (Tp. 71 
N., R. XXXIX W., sec. 30, N e. qr.) At this point the follow-
ing section was secured: 
FEET. 7. Soil, loess and drift ___________ • _______ • __ ~ _____ ._~_._ 18 
6. Limestone, hard, drah, finely textured; not fully 
exposed _____ ._._. ________ ~ _______ •• __ ~ _____ 0 •• ___ • 1 
5. Limestone and sbale, marly __________ ••••• _ •• ______ 3 
-I. Shale, argillaceous, grey ______ ~____________________ 2 
3, Limestone, bluish, dull, earthy ____ ... ________ ••••••• 1 
2. Shale, Ilrgillaceous. grey •• _ •• __ ._. __ • _______ • _____ •• 1 
1. Limestone, light blue, ban1j dimension stone ••••••• _ It 
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Since the covering is heavy it is not probable that quarry-
ing, other than for local use, will at any time be done here. Up 
to this time no lal'ge amount of stone has been removed. 
The supply of huilding stone in the southern portion of the 
county is obtained partly in :Montgolllery county and partly in 
Page. There are three or four quarries in the latter county 
within a distance of a few miles from the south line of Mont-
gomery. The Gridley quarry is just across the line. The Nel-
son limestone quarry (Tp. 71 N., R. XXXVII W., sec. 20, Nw. 
qr., Ne. tJ lies in the bed of a small tributary of Middle ~'arl:io. 
It has been opened but a year or two, and since that time has 
been worked to supply the local demand and the demand at 
Stanton. 
But two ledges of stone are utilized. The lower one is a 
foot thick. It is a hard, greyish blue limestone bearing dissem-
inated .particles of iron pyrites often changed to the hydrous 
oxide. On account of this impurity the stone would be slightly 
inferior for outside \falls. Between this bed and the upper 
bed there are about six inchos of marly sha,le, The top ledge-
R yellowish grey, more or less earthy limestone! is also ono foot 
thick, The output from this quarry is used largely as founda-
tions, and as undl'es~:;ed dimension stone. 
The abandoned Johnson quarry is in the N. 1, Sw. qr" sec. 
20, Tp. 71 N., ll. XXXVII W. On the 'other side of the branch, 
and southward a few hundred feet, is the old Jacobson quarry. 
Across the 'ral'kio neal' the southeast corner of section 20, is 
the deserted Lantz quarry. The stone at all of these places is 
but the continuation of the strata at the Nelsoll quarry. 
Northward, about half way between the Lantz quanT and 
Stanton, a few perch of stone areannuallytakell from the slope 
some distance above Middle Tarkio. East of Villisca, about a 
mile and a half, limestone has been obtained and used for flag~ 
ging and for cellar walls. This quarry is on a small branch 
near the main line of the Chicago, Burlington & Quincy rail-
road. There being but onB bed of particular value and it cov-
ered by several feet of clay shale, but a small amount of work 
has ever been done to open up the quarry. 
31GHep 
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The nor~heastern township is well supplied with a superior 
building stonB, but located as the quauies are, ten miles or 
more from any railroad, the annual output from this section of 
the" county is COIDIJaratively small. Only a local demand can 
be economically met. 
The Smith quarry is in Ne. i, Sw. qr., sec. 3, Tp. 73 N., R. 
XXXVI W., extending non-continuously for a distance of per-
haps 600 feet along the west hillside. At the 1l0lth end the 
following section was secured: 
INCHES. 
4. Soil, Ioess and residuary day_________ 10 
3. Limestone, weathered, with gcest in Cl'e\'· ices _________________ • __________________ _ 
2. Limestone, light grey, sub-crystalline, IUnty 1 
1. Limestone _.". ______ .". ___ • ___ .". ________ _ 
Toward the southern part the worked face of the section is 
somewhat different. Across the West Nodaway, possibly 100 
yards west of the Smith quarry, is the one known as the FiBher. 
The following beds are exposed: 
PEET. 4, Soil and loess ________________ ._.__________ 5 
3. Limestone, shaly _________________________ 1 
2. Clay, shale, grey to yellow ________________ 2 
1. Limestone, flinty in uPIJer part, beal' Flls-
nUna (6olid ledge exposedl ____ ~ __ __ 
The stone. in the vicinity of Milford is commonly a rather 
coarsely textured variety, hard' but easily dressed. In color 
the light greyish· brown prevails. Between the two quarries 
mentioned arid the milldam at Milford, where much stone has 
been taken out, there is another exposure of limestone, pre-
senting three layers. Each is about two feet thick, and over 
the beds are nearly twelve feet of stripping. 'fhis place, and 
the Smith and the Fisher quarries, have fUl'uished a great 
amount of stone for dimension work, for buildings and for the 
construction of the Milford dam. It is a very tough, durable 
stone which does not fracture in cold weather, nor shell off 
upon continued exposure. 
In the edge of Cass, at the very extreme northeast corner pf 
Montgomery county, there are two mther extensive quarries, 
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the Phelps and the Fox, respectively on the west and east sides 
of the county road. The strata exposed at tho one is also 
shown at the other, except that the jl'ox has been worked to a 
greater depth. Only those above number 5 in the section here 
inselted are disclosed in the Phelps. Tho individual layers are 
as follows: 
FEET. 
13. Soil, limestone slabs amI residual cia\" ••.. 2 
12. Shale, argillaceolls, greenish ... : ... :.____ -I 
11. Limestone, light colored (one IcIIg-c). ____ _ 
10, Limestone, light grey to buff .. _______ . __ _ 
9. Clay, mtU'ly _______ . __________ . ___ •• _ . __ ••. 
S. Limestone, sub·crystalline, greyish to 
bl'owlI ledges from nine to fOllrteen inchcg 
7. Shalo .. ___ ••. _._._. ___ ._. ________ ._ ... _._ 
0. Limestono, hrowlIish, sub-crystallino to 
duIL. _____ ...... __ . ____ •. _ .... ___ ... ____ I 
5. Shale, bituminous in lower IJot'tion .. _____ I 
1. Limestone, coarsely textured _______ •. ___ _ 
3. Shale, bllfT to gl'ey: fossiliferous _________ 1 
2. Shale, val'iegated, carbonaceous near hot-
tom ______ . _____ .... ____ .. _ ..... ____ ._ .. 
1. Limestone (exposed) ___________ • _______ .__ 1 
These quarries are so situated as to supply stone for Adams, 
Cass and Montgomery counties. A number of the ledges are 
successfully used in heavy masonry; blocks of almost any 
desired dimension can be obtained. 1.1he stone is not diflicult 
to dress. It is certainly unfortunate .that better transportation 
facilities from such qualTies as these in Uontgomery and across 
the line in Cass are not at hand. 
In addition to the quarries already montioned, there arB a 
number of places where limestone has been taken out. On 
account of the great depth of stripping and the inaccessibility 
of the ledges, work was but temporary. The ravine south of 
ned Oak below the Keystone mill, at Clark mill, a quarter of a 
mile southeast of Coburg, southward from Hawthol'llo in the 
bed of Walnut creek, and in the edge of Page county ('l'p. 70 
N., R. XXXVIII W., sec. 4) are the more commou localities. In 
most cases but one or two ledges are accessible. 
SANDS'l'OXE. 
"\Vithin the limits of the county the coal measure sandrock 
is entirely absent. 'rhe only arenaceous beds which might 
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serve as structural material belong to the Cretaceous, repre-
senting the Nishnabotna sandstone. About ned Oak near 
Stennett, also in the southeast quarter of section 35 of Sherman 
township, the northeast quarter of section 2 of ned Oak town-
ship, there is a dark to light brown sandrock from two inches 
to more than three feet thick overlying the friable, light 
colored stone. It is hard enough in many places to serve for 
foundation and rough construction work. In part this stone is 
not unlike that at the quarries southwest of Lewis, Cass county, 
whel'6 a large amount has been removed and utilized for the 
erection of houses, foundations and chimneys. Only occasion-
ally has any of this stone been quarried in Montgomery, the 
thickness being usually insufficient and the color of the stone 
undesirable. 
The Cretaceous pudding-stone occurs on the steep slopes 
east of the river, almost continuously from three miles south 
of Hed Oak to within three-fourths of a mile north of the 
southern boundary of the connty. The maximum thickness of 
the bed is not definitely shown but the average is approxi-
mately twenty-five feet. 
The Chicago, Burlington & Quincy railroad company has 
opened up the Cretaceous conglomerates in the east half of the 
northwest quarter of sectionl?, Grant township. and has quar-
ried a great tLmOllnt of the material for ballast. Here the beds 
are firmly cemented by siliceons limonite, but in the lower por-
tion they are of loose pebbles and coarse sand. No work has 
been done in this place in the last few years. Just east of 
Coburg the lower portion of this conglomerate is exposed and 
the layers have been used to a small extent for foundations. A 
few hundred feet np the smaH branch from the southeast cor-
ner of ned Oak there is another bed of loose pebbles in coarse 
sand which might be used advantageously as ballast. 
Being generally concealed by the loess, the drift debris fur-
nishes but an inappreciable quantity of available rock which 
would be at all suitable for dimension stone. In the southern 
half of the county there is seen an occasional boulder several 
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feet across. In the northern part there ilre patches of uncov-
ered glacial deposits which aliord material valuable as rough 
foundation stone. 
CLAYS AND THEIR USES. 
The quality and the very general distribution of clays suit-
able for the manufacture of various grades of building bricks 
and for drain tile, make this material of primary economic 
importance in Montgomery county. 'l'hl'Ollghout the district, 
with only a few exceptions, it is possible to find superficial 
deposits having depths of from two to twenty feet, of such con-
stituency as to be readily worked into marketable products. In 
order of importance on account of adaptability and prevalence 
the clays may be classed as foliows: (1) Loess; (2) Cretaceous 
shales; (3) Aliuvium; (4) Coal measure shales; (5) Boulder 
clay. 
The loess is quite generally dist.ributed. It occurs as the 
mantle of the upland over nearly the entire area. In thickness 
it is variable, and in character it may be divided into the 
two more common forms-that found on the slopes and well-
drained sections, and that on the level prairie. rllhe former is 
a brownish-colored, homogeneous material resembling in great 
part the deposit wheTe typical along the Missouri bluffs to the 
west, bearing hard, calcareous concretions. The prairie loess 
is of a greyish yellow to brownish color, decidedly more plastic 
than the other and containing no detrimental impurities. 
These clays are such that good brick or tile can be manufac-
tured from either, but on account of the excessively elastic 01' 
"stronger" nature of the prairie deposit, much trouble will be 
experienced in attempts to avoid cracking while the brick, 
especiaIly, are being dried. A combination of the two vari-
eties or the intl'Oduction of shale clay or sharp sand into this 
strong loess will largely lessen the amount of checking. 
Methods for handling these clays depend primarily of course 
upon their nature, but almost any of the deposits -can be 
moulded hy hand, by the wet· mud, by the stiff-mud or by the 
dry· press processes. In this county the use of the loess alone 
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has been attempted at but one factory and the two last named 
methods are practiced. At some of the larger factories, how-
ever, very successful results are obtained by combining tbe 
loess in various proportions with the clays of the Cretaceous. 
Regardless of the kind of process the treatment to which these 
clays are subjected is the most simple and the products are 
successful and durable, invariably possessing a desirable color. 
'Vhile not occurring abundantly in more than ODe or two 
localities Cretaceous shales are of such a character as to be 
adaptable to use in clay plants in the manufacture of many 
kinds of products. Under the description of the lithological 
character of the Cretaceous, mention has been made of the sev~ 
erallocalities supplied with argillaceous materials of that age, 
so but a brief reference to these will be inserted. Of the clay 
under the soft sandstone (Tp. 72 N., n. XXXVIII W., sec. 2, N e. 
q1'.) White* says: "A bed of clay is found which is a mixture 
of a dark and oehery clay with that of nearly white color. The 
latter has been tested for the manufacture of common pottery and 
pronounced to be the best found in the southwestern part of 
the state." The only clay of such description now exposed in 
this neighborhood lies in pockets or lenticular beds, and in 
quantities too small to be of any value. 
Along the milroad track. about two miles northward from 
Coburg, beds of grey and of red arenaceous clays are visible. 
These might be utilized if not overlain by such heavy stripping. 
The beds at Red Oak are by far the most important. They are 
extensive, conveniently situated, and are quite pure. The 
presence of clay in this neighborhood was ascertained through 
outcroppings well toward the top of the hill above the present 
pit. The rmv material 'was first secured from numerous pock-
ets which were found to contain very limited amounts of a first 
class clay, and soon the supply became exhausted. Careful 
prospecting. however, led to the discovery of a large deposit, 
tile upper surface of which extends almost as high as the rail-
road track to the south. The shale shows the effects of erosion, 
·Fl""t (Iud Second Ann. U.,,,t. of tho SI"tc Geologist, p. 6.\. H,6S. 
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deep gorges having been cOl'I'uded, and the uppermost portion 
being mixed with a reddish loess. Eastward the clays arc 
intermingled with arenaceous blocks and masses of siliceous 
limonite. The adaptabilitics of this shale in its purest state 
are hardly limited. It has been made into common stock and 
fire brick, sidewalk blocks, drain tile and pottery. It is easily 
prepul·ed. Brick are sllccessfully made by the dry~press or by 
the stiff-mud machine. Ordinarily the shale burns to a cream 
color, but when combined with fel"l"uginolls clay different 
shades of red are secured. 
The alluvial deposits of the county occur only along the 
larger water courses. The upper two or three feet only are 
available, unless a special treatment is given, and this is hardly 
practicable. In the immediate vicinity of the rivers travers-
ing the county the alluvial deposits are of a loamy character for 
a depth of sever;],} feet, and in this case the entire thickness of 
the material can be made into common brick, using the hand 
presses for moulding. 
COAL llEASURE SHALES. 
Unlike the lower, or Des Moines st.age, the upper coalmeas-
ures, or lIIissonri stage, does not present many heavy beds of 
argillaceous shales. Yet between the solid ledges of limestone 
in various sections of Montgomery county there exist layers of 
good workable shales from two to eight feet in thickness. 
Around Stennett the quarries exhibit such beds, one of the most 
noticeable being shown resting on the top ledge of limestone in 
plate xi. Along the branch, about a mile and a half east of 
Villisca, a similar bed is visible. South of ned Oak the expos-
ures am imperfect. Recent excavations disclose several shale 
beds at Villisca, some of which are quite valuable. Others bear 
calcareous fossils and are not so successfully utilized. 
On the cap-rock over the coal vein which occurs in the 
northeastern portion of the county there rests a shale several 
feet thick, and under the coal is an impure fire clay, two or 
tm:ee feet thick, which changes to ordinary shale lower down. 
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These beds do not appear exposed at convenient points, but 
since the vein of coal averages only about eighteen inches it is 
necessary to reruO\'e a portion of either the under or the over-
lying strata. These accompanying al'gil1aceous materials are 
suitable for drain tile, paving and common brick, and also, in 
some cases, for sewer-pipe and fire brick. The establishment 
of clay plants in connection with the coal mines could be made 
profitable. In some localities in the state this I)Ian is followed 
very successfully, even where t.he remoyal of the shale is not 
necessary in order to mine the coal. As yet no attempts have 
been made to extensively utilize the shales of southwestern 
Iowa. Experiments have been carried far enough to demon-
strate their utility. 
The drift although bearing extensive argillaceous beds, is 
neither a cOllYellient llor a profitabJe source of workable clays, 
partly on account of the overlying deposit of loess and partly 
on account of the concretions of lime which abound ill the 
upper, or yellow, boulder cIay. 'fhese concretions are very 
injurious to the burned product. It may· be possible to find 
limited areas of altered drift which have been freed from this 
impurity hy percolating water. 
PAINT AND BALLAST CLAYS. 
About a quarter' of a century ago a plant was established 
for the prouuction of mineral paint from an ocherous shale, and 
a considerable quantity was marketed. The expense incurred 
in preparing, and in transporting the product to shipping points 
made the undertaking unprofitable, and work ceased. 'rho 
bank is llOW entirely covered by ovel' washed soil. At Milford 
in the sinking of a weIll the occurrence of an eight-foot bed of 
ocher was reported at forty feet from the surface. In all like-
lihood this is an ordinary vari-colored coal measure shale, and 
is not valuable as a base for paint. 
In the constl'llction of railroads the use of burnt clay as 
ballast IS fast becoming popular. In tbe altered loess and 
drift, and in tbe more gumbo·like areas of tbe bottoms, mater-
ial might be selected suitable for the manufacture of this 
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product. Ballast burning was carried on for some time at Red 
Oak nearly fifteen years ago, and much of the burnt clay was 
used along the line of the Chicago, Burlington & Quincy rail-
road. 
CLAY INDUS'l'HIES. 
Three of the principal towns of Montgomery county are 
supplied with plants utilizing Imtiv8 clay in the production of 
structural brick, dmin tile and other articles. 
The W. H. Close Poltery, Brick and Tile Works is located 
near the central port.ion of Hed Oak. 'l'JIC nucleus of this COll-
cern was formed morc than twent.y years ago, but until 1883 
attention was devoted entirely to the manufacture of pottery. 
Included in the list of articles now produced are front or stock 
brick, -common brick, fire brick, sidewall{ Llocks, drain tile 
from two and a half to eight inches in diameter, and all styles 
and sizes of ware commonly made at modern potteries. The 
plant consists of necessary sheds, including those for drying 
the green ware a Bond dry-press, "'l'he Ohio" of E. U. Freese & 
Company a 'Volfe & Conley continuous, and six commOll down 
draft kilns, two being used in burning the pottery, a Frost dry 
pan and a clay chaser. Until so extensively enlarged two 
years ago only a Penfield plunger .uur the turning wheels with 
the chaser now used, made up the list of machinery . 
. The clay is all hauled about half a mile from down near the 
railroad track. That used for fire brick and pottery is of Creta-
ceous age. 'fhe rnOl'e siliceous, when properly burned, produces 
a good refractOl'Y article. For tile, common, stock brick, and 
sidewalk blocks, either loess alone, 01' loess combined with the 
more impure Cretaceous shale is found most satisfactory. The 
admixture of the shale is productive of a lighter colored article, 
depending of course upon tIle relative amounts of shale and the 
strong dark brown to nearly red loess, which it..!?elf burns to a 
cherry red color. 
The appearance of the cut while partially'hidden hy debris 
is shown in figure 54. The shale at some points is as much as 
fifteen feet thick and rests unconformably upon a very siliceous 
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shale of the same age. At the east end it is replaced by friable 
sandstones, and higher up, perhaps three or four feet above the 
upper surface of the shale, yellowish sandstone is shown in the 
Flguro I>l. Cruss-sectiol1 of tllO I:Jose cJ"Y pit. Hed Oak. 
railroad cut. The extreme thickness of workable shale in the 
portion of the clay bed at present developed is given in the fol-
lowing section; number 11 showing the average thickness of the 
overlying loess: 
11. Locss, impure in lowor portion. 
10. Sandstono, light yellow, sofL _________ _ 
9. Shale, Ughtgrey; used for pottCl'y. _____ _ 
8, Sandstone, white to yellow_______________ 1 
7. Shale, light grey; lor pottery. __ .________ 2 
6. <shale, grey, siliceOllFl; for fire briek._ 
5. Shale, dark to light grey; for pottery _____ 1 
4. Shale, gl'OY, siliceous; for lire brick _____ _ 
3. Shale, light to dark grcy; for pottery ____ _ 
2. Shale, greyish; forfil'o brick ____________ _ 
1. Shale, siliceous, grey, inlllUre, expos~d __ _ 
INCHES_ 
6 
11 
6 
The individual layers of the purest clays, those made into 
pottery, are constant throughout in texture and composition, 
The accompanying chemical analysis, made by Pl'of, G_ E. 
Patrick, best shows the nature of the deposit, 
PF.R CENT. 
Hygroscopic water {expelled at 1000 C.)._____________ 1_33 
Conbincd water (exl)clled by ignition)________________ 3.85 
Silica (SiO~), ----r----- 69.75 
Alumina (Al.03 ) ___ ~ _________________________________ 18.G8 
""Iron oxides, caiculatCil as FC~03'_____ 1.94 
Lime (CaO). _________________________________ 1.07 
'''I\J~tJy protoxlcies; ,m approximate determination g:n'o: FeU, 1.:l''!; Fo%03"~ Tllis 
gh-cs a summatlon ot lOO_3'J; orror in am.lysb, .3'). 
BUICK OJ,A YS. 
PEH CJ:ST. 
Magnesia (MgO) _ •• ____________ ~. ______________ ._____ .9:"; 
Potash {KIOl __________________ .________________ ____ 2_:12 
Soda (NatO). _______________ • ______ ••. ___ • ____ . ___ ••• .6-1 
Totnl __ .. __________ .. _ 
__ _________ 10053 
It will be noticed that the percentages are not perceptibly 
different from clays used at many Ohio, Kentucky, Indiana and 
other factories) the alumina being comparatively a little less. 
The clay is of such a character that, when moulded by the dry-
press, burning must be accomplished with much care until the 
water has been entirely removed. To burn every section in 
the continuous kiln at one time from three to five weeks are 
previously consumed in water-smoking. This kiln has a capacity 
01 500,000 brick. 
The fire brick are moulded ou the Boyd press. They require 
a high heat to prevent crumbling. It is quite probable that 
this clay when washed could be made into a superior quality of 
glass pots and crucibles. In burning the pottery a very high 
heat is withstood before the slightest 'jcrippling" takes place. 
The raw material was at first taken from small pockets well 
up the slope from the track, but as these became exhausted 
search for new beds was necessary and this resulted in the find-
ing of the bank now worked which to all appearances is inex-
haustible. 
The R. E. Cook brickyard is situated just north of the 
Chicago, Burlington & Quincy railroad at the southeastern cor-
ner of Red Oak. Vvork was begun here se\'eral years ago and 
has since been carried on quite satisfactorily. The equipment 
consists of an H. Brewer roller crusher, a Kells & Sons brick 
and tile machine, dry sheds, two clamp and one common 
round down draft kilns. 
The clay is obtained from two adjoining cuts at the side -of 
the plant. The upper one is circular with perhaps 200 leet of 
lineal face. The material here consists of twelve feet of ordin-
ary loess. This rests upon three or four feet made up of mixed 
Cretaceous clays, boulder clay and loess. At the other ]Jit the· 
following sequence is seen: 
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FEET. 
5. Soil and loess. _________________ •• ___________________ 3 
4. Clay, brown, IJCbbJy _____________ ••• _._______________ 1 
3. Clay, greyish, rather gritty _______________ ._________ 4 
2. Shale, light grey, beal'ingsa~dstonc lenses _____ . __ • 2t 
1. SalldstOlle, white to dark yellow with argillaceous 
concretions _.____________________________ 4t 
'rhe layers as indicated in tho section are by no means per-
sistent in different portions of the worked cut. From the 
drillings of a well bored here it is observed that shales with 
interstratified sandstone layers extend to some depth. 
Although made up of a mther complicated variety of clays 
some of them decidedly impure and siliceous, the product, com~ 
man building brick, is in no wise inferior. The brick have a 
good color and the mode of manufacture is entirely efficient. 
Stoddard Brothers brickyard, operated by Smith & Coffin, i. 
in the southern portion of Villisca. Here brickmaking has 
be.en carried on for ten years, always by hand untn 1894-, when 
a secondhand Frey-Sheckler stiff-mud machine was put in. 
The clay up to that time was a "bottom)) clay from along the 
.Middle Nodaway. Its thickness was from six to ten feet. The 
upper part is silty_ That below the clay worked appears to be 
almost wholly derived from the loess, and portions of the 
material are somewhat jointed. Hince the machinery was put 
in loess has heen used. The quality of the clay is quite good, but 
the brick when drying crack badly in the sheds. 
Recently a coal measure shale has been discovered which 
can be mined advantageously with the loess, and the cracking 
is thereby lessened. The beds now shown above the water are: 
FEE'!'. 
5. Loess, yelloW' to brown or grey, jointed in upper 
part _. ______ . ______ • ____________________ ,_. _______ 12 
4. Sand, clcan; thickness varies from one ineh to. ___ .__ 2 
3. Shale, argillaceous, dark grey to greon in color. ___ _ 
2. Shale, argillaceous, light grey . _____________ ~ __ • ___ ._ 
l. Shale, grey to light, rather finely siliceous. ___ ._._. __ 
Number 5 is a fine grade of clean loess strictly adaptable to 
use in the dry-press. Number S is quite pure and of good 
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quaJity, although the shrinkage upon burning will be consider· 
able. Number 2 is for the most part a superior shale but 
is very fossiliferous, bearing both thin shells and crinoid 
stems, which laUer are wholly calcite and become caustic when 
burned in the clay; otherwise this layer would be valuable for 
common uses, Number 1 is not fully exposed, but borings in 
the neighborhood al'e said to show it to be from twenty to sixty 
feet thick. Except for its being a little too arenaceous it is 
readily available for many purposes. It is now possible to 
utilize the loess and some of these shales and secure a superior 
building brick. The manufacture of pavers from the shales 
would be practicable but for the presence of the deleterious 
crinoid stems. 
The Tyler brickyard is in the southern paTt of Villisca and 
east of the Middle Nodaway. It has been in operation five 
years, It is a small plant, the equipment consisting of a 
Quaker soft·mud machine, horse power. 'llhe clay bank is five 
or six feet deep and consists ill the upper portion of a siliceous 
silt bearing a considerable percent.age of humus. 11his grades 
into a brownish arenaceous clay locally known as "made 
earth!' At the base of the cut joint clay sets ill, and eighteen 
feet from the surface a bed of quicksand is encountered. 'l'elll-
porary kilns, holding from 80,000 to 135.000 brick, are used in 
burning. Some trouble is experieu!;!ed· in the cracldng of the 
green product. 
Nelson Sandin has a brickyard ill the western part of Stan· 
ton along the banks of :Middle Tarkio, 'l'he clay is a loamy 
material taken from the flood plain. Its thickness is variable, 
In some portions the so· called joint clay· extends to within one 
or two feet of the surface. Ordinarily, however, it is possible 
to use the material to a depth of seven feet. It is found that, 
by the addition of common salt to the extent of six quarts to 
mud enough for 5,000 brick, the amount of checking during 
the drying process is greatly reduced. Cased kilns are used in 
burning. The consumption of the product is almost wholly 
local. The brick are rather porous and are therefore only used. 
for interior construction work. 
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SAND. 
Although containing little or no free sand in the beds and 
-overflowed banks of the large stTeams, Montgomery county is 
·well supplied with arenaceous deposits. 'rbey occur both in 
the CreLaceous and in the till. Those of the former abound 
wherever the forma~ion exists. Near Red Oak and southward 
as far as Coburg, the prevailing color is nearly white. Near 
Stennett and to 'the east the sands are Ol'ange to yellow. The 
sandstone is fine grained except for a small percentage of 
·coarse material in individual layers. The grains are more or 
le83 rounded but not so much so as in the drift sands. On 
account of the size and comparative sharpness of the grains 
the material is suitable for mason work and for use in brick 
moulds. The slight percentage of oxide of iron which it con-
tains prevents its use in the manufacture of glass. However, it 
may possibly be utilized in moulds at smelters. 
South of Milford (Tp. 73 N., R XXXVI W., sec. 22, Sw. qr., 
W. !) there is a high knob capped by loose sand and resem-
bling an ordinary l'ivel' deposit. For the most part the sand is 
quite clean and somewhat sharp. Its thickness is probably not 
less than fifty feet. Anothel' deposit of similar charactel' lios 
on the slope about one mile eastward from Villisca. This and 
the one near Milford are used by plasterers. The Villisca mate-
rial is also llsed by the brick manufacturers to sand the moulds. 
Other localities furnish sand beds of economic value. 
COAL. 
nreslrope Slope.-Since 1881 no mining of coal within the 
limits of Montgomery county has been undertaken. For sev-
eral preceding wintel's, evell as far back as 1857, milling was 
quite extensively carried on at the Westrope slope (Tp. 73 N., 
R. XXXVI "V. sec. 1, Se. qr., W . .Jl. The vein was found out-
cropping sevel'al feet above Williams branch. Its thickness 
was from eighteen to twenty-two inches. 'rhe sequence of beds 
is shown in figure 48, page 403. 
Alldel'soll Prospeci S"~II_-Coal was reported at a depth of 
fifty-live feet in a drilled hole (TI'. n R, R XXXVI W., sec. 33, 
Ne. qr., Se. t) four and one·half miles north of Villisca. The 
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scam was said to be twenty-two inches thick. A shaft sunk 
with a view to mining the coal failed to reveal the presence of 
the stratulll, and further search has not since taken place. 
It is not improbable that the Nodaway vein would be found at 
no great depth in this vicinity, though it may have been cut 
out by erosion. 
A well just south of the Westrope slope disclosed the pres-
ence of the Nodaway coal, and just east of the boundary of 
Montgomery county (Tp_ 73 No, R. XXXV W., sec. IS, S\\,. qr.) 
it was again met with in digging a well. 'l'he record given 
below is said to be accurate: 
7. Soil and loess .................... .. 
0. Shale, lu'gillaccous 
5. Limestone ... . 
4. Shale, mady ..... . 
3. Sandstone 
2. Coal. ...... 
1. Fire clay .. 
H 
I! 
I 
The coal mentioned in the different localities is the same 
vein as is worked so successfully at Briscoe, Carbon and Eureka 
in Adams couuty, at New Market and along the East Nodaway 
six miles northward, in Taylor county, southeast of Clarinda, 
neal' Shambaugh, in Page county. Along Uiddle 'l'arkio, south-
east of Nyman, there has been a small development. Refer-
ence has been made to the extent of the vein. It seeInS to 
underlie, within available distances, nearly the entire north-
eastern third of Montgomery county, excepting perhaps certain 
localities in which erosion has been exceptionally deep. The 
indications are that westward the coal vein dips to too great 
.depths to be of value. 'Vhen coal was first remo\red from the 
Westrope slope the price was fifteen cents pel' busheL Now it 
is usually from three to five cents less, though still great 
enough to make the mining of the yein profit.able when neRr 
enough the surface. Facts brought out by the deep drilling 
and by a study of the exposed formations of Montgomery and 
adjoining counties, inevitably lead to the conclusion that only 
thinner seams such as already haye been met with need be 
looked for. This conclusion is opposed to that heretofore 
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entertained, namely, that the lower measures would, when 
reached in southwestern Iowa, be equally as productive as in the 
central and southeastern podions of the state where the Des 
Moines division is exposed at the surface. 
LIME. 
The manufacture of lime in this district has never been 
undertaken except on a very small scale. Where the limestones 
are more abundantly exposed about Stennett and at Milford, as 
well as in the southern portion of the county along the Tarkio, a 
very fine quality of lime might be produced. The better ledges 
of the stone bear but a low percentage of silica or alkalies, the 
more common constituents which detract from the value of 
lime. The stone would produce a white lime, but ODe "rhich 
would only be used fO!' ordinary mortar or pla-stel', not being 
strong enough and being too readily affected by moisture for 
the better class of work. 
ROAD ~IATEHIALS. 
The native substances 'which might be used advantageously 
for road beds are: limestones, ,clays, drift boulders, gravels and 
sands, As yet neither the streets of the larger towns nor the 
roads of the interior have been paved. The limestone, being as 
a rule hard, would make an excellent macadam. It would 
also serve as a basis for brick paving and as ballast for railroad 
beds. Mention has already been made to the use of burnt 
clay as ballast, and its use might be extended to the construc-
tion of county roads. Being comparathrely inexpensive it will 
doubtless yet be used in districts not abundantly supplied with 
gravel. The preparation of the clay is very simple. In the 
upper portion of the Cretaceons, between Coburg and Red Oak, 
the conglomerates and loose sandy and p~bbly layers are quite 
accessible and could be made available. The drift deposits, 
which are made up for the most part of coarse sand and large 
pebbles, when not overlain by claysJ might also be used for 
similar purposes. 
SOIL. 
Within Montgomery county three distinct varieties of soil 
are present. These are the loessal, the alluvial and the gla-
cial. Tho arca bearing thc first named is by far the greatest 
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as practically the entire upland prairie and the hillsides are cov-
ered by it. 'rhe soil proper, that is the dal'k grey colored, hUlllUS-
bearing material, is commonly only a foot or two in thickness, 
but the loess from which this soil is directly derived has a 
thickness in some instances of as .much as thirty feet. In 
character this loess, which acts as subsoil, is soft, more or less 
spongy and calcareous; it admits of easy infiltration of water 
in excessively wet weather. In case of drouths it readily gives 
up moisture by capillary attraction and furnishes a lasliing sup-
ply to the growing crops. When altered the subsoil is more 
plastic and clay-like. 'l'his loess soil is the most productive 
variety· within this part of Iowa. 
'I'me alluvial soils are naturally confined to the flood plains. 
'rhe second bottom is not subject to overflows and the soil is 
more compact than that of the lower lands. These soils .Lr6 all 
very siliceous and bear a considerable percentage of decayed 
vegatatfon in the upper portion, becoming more clayey below. 
Under ordinary circumstances they are remarkably fertile. 
'rhe till where occupying the superior position in a few very 
limited areas, mostly in the northwest quarter of the coullty, 
could not properly be termed arable. It consists in tho main 
of boulders a few inches in diameter and of sandy clay. '1'here 
are also a few patches of Cretaceous land north of Coburg, 
which are of little or no value from ~ productive standpoint: 
MIXERALS. 
Calcite, pyrite, limonite, hmmatite, and perhaps other rarer 
minerals occur in Montgomery county, but llOlle ill quantity 
sufficient to make them of economic importance. '1'he calcite 
occurs in the form of crystals lining cavities in some of the 
ledges of limestone near Milford, and more rarely elsewhere. 
Pyrite is observed in the stOlle of the Nelson quarry and in the 
coal. Limonite occurs in the Cretaceous, but is very siliceous. 
A few hrematite boulders were discovered in the surface drift, 
WATER SUPPLY AND' \YATER POWERS. 
The inhabitants of Montgomery county secure their water 
supply from several sources. '1'be streams form the most 
330 Rep 
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important onB. 'fhe two larger water courses which traverse 
the entire length 01 the county and the Middle Nodaway in the 
-southeastern portion, al'e never failing SOU1'Ces. 'I'be 'rarkio, 
lNalllut and Indian creeks arB streams wbich in ordinary sea~ 
'sons are not dry, except weH toward their· sources. ~'he drift 
,deposit affords much water, and in this formation there arB 
many veins which arB practically inexhaustible. The water 
-commonly lies in a series of pockets of sand or gravel between 
the yellow and blue boulder clay. These sand pockets 
;are not persistent, nor is water invariably secured at this hori· 
.zon, but failures are exceptional In the flood plains it is 
nearly always practicable to go down lrom twenty to filty leet, 
-or a little below the level of the water in the stream, and strike 
a lasting supply. Red Oak and Villisca obtain their water sup~ 
ply from wells dug in tbe flood plains of the adjacent riYers. 
Springs issuing from the upper coal measures haye not been 
seen in the county, neither do borings in the strata, unless at 
great depths, show tbe presence of flowing veins. At the foot 
of the Cretaceous sands, probably flowing oyer shales, fine 
springs which never run dry pour forth large volumes of clear 
cold water. Notable instances of these are in Tp. 71 N., R. 
XXXVIII W., sec. 17, Nw. qr., E.!, llOl'th of Coburg, at II sand 
springs" just south of Red Oak, in the northern portion of sec-
tion 33, also in Tp. 73 N., R. XXXVIII W., sec. 13, Sw. qr., Sw. 
1 on the old Powell farm. 
The rivers which act as unfailing water supplies may also 
furnish power. Ordinarily the declivity is not great but is suf-
ficient to produce considerable fall. By the proper construc-
tion of dams power for various manufacturing purposes may 
easily be developed. Good locations are frequent as the chan-
nels proper are usually rather narrow and aTe bounded on one 
side or the other by a bank of limestone. 
Along the Nishnabotna there are thl'ee mills utilizing water 
power; a grist mill a mile north of Stennett, mark & Company's 
mill in Tp. 72 N., R. XXXVIII W., sec. 8, Se. cor. and the Key-
stone mill just sonth 01 ned Oak (Tp. 72 N., R. XXXVIII W., 
sec. 32, Sw. qr., N e. i). At each of these points the river tlows 
against stratified beds. 
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On West Nodaway there are the Smith mill at Milford, or 
Grant P.O., the Morton in the southern portion of section 33, 
Douglas township, and the Arlingtou in 'l'p. 72 N., R. XXXVI 
\V., sec. 28, Nw. qr., Sa. i. On Middle Nod,tway, near the cen-
ter of section 11 of Jackson township, is located the J. Van 
Horn mill. At Climax in the extreme southeastern part of· the 
county a mill was once established. This was dependent upon 
the water of Walnut creek for power. It was found that the 
stream became too low in dry weather and milling at this IJoint 
has been abandoned. 
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